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Why Synthesis ? 



10-year Vision for Evolving Capabilities  

The DOE JGI’s primary role in synthetic DNA projects 
will be to support users in the computational design of 
desired target constructs, in the creation of these large and 
complex DNA molecules and in their introduction into 
suitable host cells. In contrast, in-depth functional char-
acterization of the resulting transformed host organisms 
will primarily rely on expertise and assays established in 
the respective users’ laboratories. Nevertheless, in order to 
be able to support users in the ability to generate synthetic 
systems required to address energy and environmental chal-
lenges, the DOE JGI will also develop experimental para-
digms in which functional readouts can be closely linked to 
synthetic sequence.

IN SILICO TO IN VIVO: PRODUCING AND 
INTRODUCING THE DNA 
Currently the most expensive and time-consuming step in 
large-scale synthetic DNA projects is the assembly of small 
oligonucleotides into larger fragments. The DOE JGI will 
be at the forefront of implementing new technologies into 
the DNA synthesis pipeline. These goals will be supported 
by the DOE JGI’s longstanding experience in develop-
ing cutting-edge molecular processes, wet-lab automation 
and process optimization. The DOE JGI DNA Synthesis 
Pipeline will also benefit from the DOE JGI’s state-of-
the-art sequencing and computational analysis capabilities, 
which are central to this activity.

10 year vision for DNA Synthesis at the DOE JGI.
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JGI ‘Build’ Pipeline 

Design Software 1-Kb blocks 

Functional Characterization 

Liquid handling 
systems 

Cloning and picking 
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Design 

Goal: To enable scalable pathway refactoring from coding sequence 
information (DBs)  to order sheets and protocols 

Multiple tools:  
•  GeneDesign/DNAssembler (Codon optimization, partition) 
•  DIVA/J5 (Combinatorial library design) 
•  ICE (Parts repository) 
•  SPL (sequence polishing library… New) 
•  IMG2DE (from databases to Synbio design… New) 
 
•  SeqScreen (Biosecurity screening tool.. not really design) 

Interact with other 
external synbio tools: 
RBScalculator, Pigeon 

Automatically Design 1000s of pathways  
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 Industry relevant GH1s 

JGI-JBEI collaboration 

Mine Databases  
Phylogenomic selection 

Annotated tree IL- tolerant enzymes 

ACS Chem Biol,2014 

•  Interested in GH1 enzymes for biomass 
deconstruction 

•  Looking for enzymes that can operate under 
industrial conditions (70 oC, 20% ILs) 

a c
Expression

Cellobiose

Lactose

Xylobiose

b

$
%
<
��
��
��
��
&
KO
RU
RI
OH
[X
Ví
DX
UD
QW
LD
FX
Ví
-í
��
íI

l

$
$
)�
��
��
��
�7
KH
UP
XV
íQ
RQ
SU
RW
HR
O\
WLF
XV

A
&
8
��
��
��
��
&
DW
HQ
XO
LV
SR
UD
íD
FL
GL
SK
LOD
í'

60
í�
��
��

%$
*
��
��
��
��
6W
UH
SW
RP

\F
HV
íJ
ULV
HX
Ví
VX
EV
S�
íJ
ULV
HX
Ví
1
%5

&
í�
��
��

$&
0
��
��
��
��
7K
HU
P
RP

LF
UR
EL
XP

íU
RV
HX
P
í'

60
í�
��
�

A
C

Z
4
2
��

5
.1

 T
h
e
rm

o
b
a
c
u
lu

m
íW
HU
UH

n
u
m
íA

T
C

C
íB

A
A
í7
��

A
%'

��
��
��
��
5
KR
GR
IH
UD
[í
IH
UUL
UH
GX
FH
QV
í7

��
�

$'
'
��
��
��
��
0
HL
RW
KH
UP
XV
íU
XE
HU
í'

60
í�
��
�

$%
)�
��
��
��
�0
\[
RF
RF
FX
Ví
[D
QW
KX
Ví
'
.í

��
��

$%
8
��
��
��
��
5
RV
HL
IOH
[X
Ví
FD
VW
HQ
KR
O]
LLí
'
60

í�
��
��

$%4��������)ODYREDFWHULXPíMRKQVRQLDHí8:���$'%��������6SLURVRPDíOLQJXDOHí'60í��A''���46.1 0eiothermuVírubHUí'60í1279

$&-��������$QR[\EDFLOOXVíIODYLWKHUPXVí:.�

ACQ71��6.1 E[LJuobacteriumísp�íAT1b

&$$��������7KHUPRDQDHUREDFWHUíEURFNLL

$$$��������3DHQLEDFLOOXVíSRO\P\[D

$$=��������$OLF\FOREDFLOOXVíDFLGRFDOGDULXV

&5����&RZ�5XPHn

AAQ��������&ORVWULGLXPíFHOOXORYRUDQV
&$$��������&DOGLFHOOXORVLUXSWRUíVDFFKDURO\WLFXV

&$$��������&ORVWULGLXPíWKHUPRFHOOXPí$7&&í�����

$&/��������+DORWKHUPRWKUL[íRUHQLLí+í���

AC.43�71.1 'ictyoJlomXVíWXUJLGumí'60í6724

A
C-�6349.1 T

herm
osipKRíDIULFDQXVí

T
C
F
52B

A
C0

2
2
9
5�

.1
 T

h
e
rm

o
toJ

aí
n
e
a
p
o
lita

n
aí'60í

4
3
5
9

$%;��������3HWURWRJDíPRELOLVí6-��

$&=��������6SKDHUREDFWHUíWKHUPRSKLOXVí'60í�����

C5
 2

3
 C

oZ
 5

u
m

e
n

C5
 1

4
 C

oZ
 5

u
m

e
n

C5
 2

4
 C

oZ
 5

u
m

e
n

&%/��������5XP
LQRFRFFXVíFKDP

SDQHOOHQVLVí��3��

&5����&RZ�5XP
HQ

A
C

L
7
4
7
5
9
.1

 CORVWULGLX
m
íFHOOXORO\WLFX

m
í+��

A
B

V
5
4
7
1
6
.1

 T
rifo

liu
m
íUHSH

n
s

&
$&

��������5
DXYROILDíVHUSHQWLQD

$$$��������=HDíP
D\V

C
B'

2�
4
6
9
.1

 O
U\]Dí

s
aWLYDí-D

p
o
n
ic

aí
G

ro
u
p

$$1��������2
U\]DíVDWLYDí-DSRQLFDí*

URXS

$%'
��������6DFFKDURSKDJXVíGHJUDGDQVí�í��

%$(��������3KDQHURFKDHWHíFKU\VRVSRULXP

A
A3��������7ULFKRGHUP

DíUHHVHL

B
A

E
6
3
1
9
7
.1

 A
s
p
eUJLOOXVíRU\]DHí5

IB��

$&
2
��������7DODURP

\FHVíIXQLFXORVXV

&
$3��������3HQLFLOOLXP

íFKU\VRJHQXP
í:

LVFRQVLQí��í����

C
$.��������$VSHUJLOOXVíQLJHU

$
$
/��������5

DVDP
VRQLDíHP

HUVRQLL

$
$
;
��������0

DJQDSRUWKHíJULVHD%
$
$
��
��
��
��
7U
LF
KR
GH
UP
Dí
UH
HV
HL

&$&��������+RP
RíVDSLHQV

$$/��������%UHYLFRU\QHíEUDVVLFDH

$&
5
��
��
��
��
.R

VP
RW
RJ
Dí
RO
HD
ULD
í7

%)
í�
��
��

1

&$
.�
��
��
��
�/
LVW
HU
LDí
ZH
OVK
LP
HU
Lí
VH
UR
YD
Uí
�E
íV
WU�
í6
/&
&�
��
�

$$
.�
��
��
��
�&
ORV
WUL
GLX
P
íD
FH
WR
EX
W\O
LFX
P
í$
7&
&í
��
�

B
A
'7

7
4
9
9
.1

 G
HR
ED
FLO
OXV
íN
DX
VWR
SK
LOX
Ví
+T

A
4
2
6

A
C

Z
1
�1
�4

.1
 6

e
b
a
OGe

lla
ít

e
rm
LWLG

is
íA

T
C

C
í3

3
3
�6

A
B
V
4
1
4
2
5
.1

 6
HU
UD
WLD
íp

ro
te

a
m
DF
XOD
QV
í�
��

A
''
�1

6
1
7
.1

 T
h
e
rm

o
a
n
a
e
ro

b
a
c
te
Uí

it
a
lic

u
s
íA

b
9

$$
8�
��
��
���
%D
FLO
OXV
íOL
FK
HQ
LIR
UP
LVí
'6
0í
��
í 
í$
7&
&í
��
��
�

$&
;�
��
��
���
*H
RE
DF
LOOX
Ví
VS
�í<
��
�0
&�
�

A
B
-7

3
13

4
.1

 L
a
ct

o
co

cc
us
íla

ct
is
ís

u
b
sp
�íc

re
m

o
ri
sí
6.

1
1

B
A
'76622.1

 G
eobD

FLOO
XV
íN
DX
VWR
SK
LOXV
í+

T
A
426

A
B
U

77792.1
 C

ro
nobact

eUí
sa
Na]

aNL
LíA

T
C

C
íB

A
A
í�

94

$%
6��

���
���%

DFLO
OXVí

DP
\ORO

LTX
HID

FLHQ
Ví)

=%�
�

$$7
���

����
�%D

FLOOX
VíWK

XULQ
JLHQ

VLVí
VHUR

YDUí
NRQ

NXN
LDQí

VWU�í
��í

��

C5 5 C
RZ 5umen

$%9
���

����
�%DF

LOOXV
íSX

PLOX
Ví6

$)5
í��

�

$&
4�
���

���
�([

LJX
RED

FWH
ULXP

íVS
�í$

7�E

$&
5�
���

���
�&R

U\Q
HED

FWH
ULXP

íNU
RSS

HQV
WHG

WLLí
'6

0í
���

��

$%6
����

����%
DFLOOX

VíDP
\OROLT

XHID
FLHQ

Ví)=
%��

AAV42���
���/D

FWRED
FLOOXV

íDFLG
RSKLO

XVí1
CF0&5��

�&RZ
�5XP

en

&$/�
�����

��/DF
WRFRFF

XVíOD
FWLVíV

XEVS�
íFUHP

RULVí0
*���

�

$%-��
������

3HGLRF
RFFXVí

SHQWRV
DFHXVí

$7&&í
�����

&%/���
�����(Q

WHURFRF
FXVíVS�

í�/��

C
5 9

 C
RZ

 5um
en

B
A

E
��

1
5
7
.1

 6
ta
SK
\O
RF
RF
FX
Ví
Ka

e
m
RO
\W
LF
XV
í-
&
6C

1
4
3
5

C
$5

��
��
��
��
/D
FW
RE
DF
LOOX

Ví
UK
DP

QR
VX
Ví
/F
í�
��

$&
2
��
��
��
��
6W
UH
SW
RF
RF
FX
Ví
SQ
HX
P
RQ
LD
Hí
7D
LZ
DQ
��
)í
��

$&
=�
��
��
��
�6
HE
DO
GH
OOD
íW
HU
P
LWL
GL
Ví
$7

&
&
í�
��
��

$&
4
��
��
��
��
([
LJ
XR
ED
FW
HU
LX
P
íV
S�
í$

7�
E

$&
9�

��
��
��
�$
WR
SR
EL
XP

íS
DU
YX
OX
P
í'

60
í�
��
��

C
A

G
��
��
��
��
3H
FW
RE
DF
WH
ULX
P
íD
WUR
VH
SW
LF
XP

í6
&
5
,�
��
�

C
A
:

9
4
3
6
1
.1

 6
WUH
SW
RF
RF
FX
Ví
HT
XL
íV
XE
VS
�í
HT
XL
í�
��
�

&
$4

��
��
��
��
/D
FW
RE
DF
LOOX
Ví
FD
VH
Lí
%/
��

%$
'�
��
��
��
�%
DF
LOOX
Ví
FOD
XV
LLí
.6

0
í.
��

B
A

C
1
4
7
1
9
.1

 O
c
e
a
n
o
b
a
c
il
lu
Ví

ih
e
y
e
n
VLV
í+

T
E
�3

1

%$
'�
��
��
��
�*
HR
ED
FLO
OX
Ví
ND
XV
WR
SK
LOX
Ví
+7

$�
��

$&
4
��
��
��
��
([
LJ
XR
ED
FW
HU
LX
P
íV
S�
í$
7�
E

CAA56���.1 PantoHDíDJJ
ORmerans%$%������

��6XOIROREX
VíWRNRGDLLí

VWU�í�$%/��������7
KHUPRILOXPíSH

QGHQVí+UNí�
$%/��������7KHUPofilumíSHQGHQVí+UNí�

%$$��������7KHUPRFRFFXVíNRGDNDUHQVLVí
.2'�

&$%��������3\URFRFFXVíDE\VVLí*(�

$$/��������3\URFRFFXVíIXULRVXVí'60í����

$%<��������XQFXOWXUHGíEDFWHULXP

$&-��������7KHUPRVLSKRíDIULFDQXVí7&)��%

$%6��������)HUYLGREDFWHULXPíQRGRVXPí5W��í%�

AB:�1492.1 CDOGLYLUJDímaTXilinJHQVLVíICí167

%$%��������7KHUPRSODVPDíYROFDQLXPí*66�

$%:��������&DOGLYLUJDíPDTXLOLQJHQVLVí,&í���

AAY���55.1 6ulfolobuVíDFLGRcaOGDULXVí'60í�39

$$$��������6XOIROREXVíVROIDWDULFXV

CAC12444.1 ThermoplasmDíDFLGRSKLOXP

$$7��������3LFURSKLOXVíWRUULGXVí'60í����

&5����&RZ�5XPHQ

AB-�3756.1 CanGLGDtuVí6olibacteUíusitaWXVíEllin��76

$%<��������&KORURIOH[XVíDXUDQWLDFXVí-í��íIO

$%:��������)UDQNLDíVS�í($1�SHF

&$-��������6WUHSWRP\FHVíDPERIDFLHQVí$7&&í�����

%$*��������6WUHSWRP\FHVíJULVHXVíVXEVS�íJULVHXVí1%5&í�����

C
A
A
52344.1 6

treptom\FHVíURFKHL

A'
B�9596.1 BLILGobacteriumíGentiumíBG1

C
A1��121.1 CODYLEDFWHUíPLFKLJDQensis

A
B6�

4��
1
.1

 .
in

e
o
co

ccu
sí

raG
io

to
le

ra
n
sí656

3�
2
1
6

$&,��������7KHUPRGHVXOIRYLEULRí\HOORZVWRQLLí'60í�����

$%)��������0\[RFRFFXVí[DQWKXVí'.í����

$%:
��������&

DOGLYLUJDíP
DTXLOLQJHQVLVí,&

í���

A
B1

7���
2
.1

 6
ta

p
h
y
lo

th
e
rm
XVí

m
a
rin

uVí)
1

$&
/��������'

HVXOIXURFRFFXVíNDP
FKDWNHQVLVí����Q

&
$$��������7KHUP

RFRFFXVíVS�

$'
'
��������$FLGXOLSURIXQGXP

íERRQHLí7���

A
C
6��������7KHUP

RFRFFXVíVLELULFXVí0
0
í���

$&,��������'LFW\RJORP
XVíWKHUP

RSKLOXP
í+í�í��

A
B

Q
9
1
3
3
1
.1

 5
o
s
e
ifle

x
uVí

s
p�í56í

1

$%)��������&DQGLGDWXVí.RULEDFWHUíYHUVDWLOLVí(OOLQ���

$&<��������+DOLDQJLXP
íRFKUDFHXP

í'60
í�����

&$1��������6RUDQJLXP
íFHOOXORVXP

í6RíFH��

$&5��������.RVP
RWRJDíROHDULDí7%)í������

A
C
L
6
9
2
4�

.1
 +

a
lo

th
e
rm

o
th

rixí
o
re

nLLí+í
1
6�

A
B1

5
2
6
5
9
.1

 C
loVWULGLXPí

th
e
rm

o
c
e
llu

mí
A
T
C
Cí

2
7
4��

C5
 3

7
 C

oZ
 5

u
m

e
n

C
A
Q��������C

o
ry

n
e
b
a
c
te

riu
m
íXUHDO\WLFXP

í'60
í����

%$$��������%DFLOOXVíVS.

A
A
A
22266.1 BDFLOOXVíFLUFXODQVíVXEVS�íDONDORphilus

B
A
B�5642.1 B

acillusíhaloGuransíCí125

%$
(�
��
��
���
0D
JQ
HWR
VS
LULO
OXP
íP
DJ
QH
WLF
XP
í$
0%
í�

A
C
03
�2

7
4
.1

 A
Jro

ba
ct

e
ri
u
m
íY

iti
sí
64

A
C
F
��
��
���
�5K

RG
RS
VH
XG
RP
RQ
DV
íS
DOX
VWU
LVí

T
IE
í�

B
A
I7

53�
5.1

 A
]osp

iri
llu

m
ís

p�í
B
51�

A
C
L
9
5
6
�5

.1
 C

a
u
lo

b
a
c
te
Uí

c
re

s
c
e
n
tu

s
í1

A
1
��
�

$%
,��
��
���
�%
XUN
KR
OGH
ULD
íD
PE
LID
ULD
í$
00

'

$'*�����
���7KHUPRE

LVSRUDíELVS
RUDí'60í

�����

$'%��������&
RQH[LEDFWHUíZ

RHVHLí'60í��
���

$%.��������$FLGRWKH
UmXVíFHOOXORO\WLFXVí��%

$'*��������&HOOXORPRQDVíIODYLJHQDí'60í�����

&%*��������6WUHSWRP\FHVíVFDELHLí�����
%$$��������%LILGREDFWHULXPíEUHYH

&$$��������6WUHSWRP\FHVíVS�

ACZ���
64.1 6tre

ptosporaQJ
iumíUR

VHumí'
60í

���21

$%.�
����

���0\
FRED

FWHULX
PíVP

HJPD
WLVíVW

U�í0&
�í��

�

$$)�
�����

��7KH
UPREL

ILGDíI
XVFD

$&<��
������

7KHUP
RPRQR

VSRUDí
FXUYDWD

í'60
í����

�

$'*��
������7

KHUPRE
LVSRUDí

ELVSRUD
í'60í

�����

ACZ�6244.1 6treptosporaQJiumíURseumí'60í43��1

C
A
B
952��

���6
tre

pto
m
\FH

VíF
RHO
LFR
ORUí

$32

$'
*�
���

���
�7K

HUP
REL
VSR

UDí
ELV
SRU

Dí'
60

í��
���

&$
4�
���

���
�&OD

YLE
DFW
HUí

PLF
KLJ
DQH

QVL
VíV

XEV
S�í

VHS
HGR

QLF
XV

%$*
���

����
�6WU

HSWR
P\F

HVí
JULV

HXV
íVX

EVS
�íJ

ULVH
XVí

1%5
&í�

���
�

BA+33569.1 5hRG
ococcuVí

erythro
SROL

VíP54

$'*
���

����
�7KH

UPR
ELVS

RUDí
ELVS

RUDí
'60

í��
���

$&=
����

����6
WUHSW

RVSR
UDQJ

LXPí
URVH

XPí
'60

í���
�1

$&
=��

���
���7

KHU
PR

PR
QRV

SRU
DíF

XUY
DWD

í'6
0í

���
��

A
B
C

9
2
3
9
5
.1

 5
KL]
RE
LXP

íH
WOLí

C
)1
í�

2

A
B
'5

4
�6

1
.1
�-D

n
n
a
s
c
h
ia
ís

p
�í

C
C
61

A
B
P
��
��
�.1

 5
KR
Go

b
a
c
te
Uí
VS
KD
HU
RLG
HV
íA

T
C
C
í�
��
��

$%
&�
��
��
��
�+
DK
HOO
Dí
FK
HMX
HQ
VLV
í.
&7
&í
��
��

$&
2�
��
��
��
�'
HLQ
RF
RF
FX
Ví
GH
VH
UWL
í9
&'

��
�

$%
(�
��
��
��
�%
XU
NK
RO
GH
ULD
í[
HQ
RY
RU
DQ
Ví
/%
��
�

B
A

C
9
6
1
5
4
.1

 V
LE
ULR
íY
XO
QL
ILF
XV
íY
-�
�6

%$
-�
��
��
��
�6
KH
ZD
QH
OOD
íY
LR
OD
FH
Dí
'6

6�
�

$%
'�
��
��
��
�6
DF
FK
DU
RS
KD
JX
Ví
GH
JU
DG
DQ
Ví
�í
��

A
A

U
9
2
1
4
2
.1

 0
e
th

y
lo

c
o
c
c
u
Ví

c
a
p
s
u
OD
WX
Ví
VW
U�í

B
a
th

$%
)�
��
��
��
�6
SK
LQ
JR
S\
[L
Ví
DO
DV
NH
QV
LV
í5

%�
��

6

���&
���&

���&
���&

1R�DFWLYLW\

0D[LPXP�DFWLYH�WHPSHUDWXUH Gene sourceExpression

1RW�H[SUHVVHG
([SUHVVHG Bacteria 0HWDJHQRPLF

Archaea (XNDU\RWH

In
te

n
s
it
y

P�]

��� ���� 1��� ���� ����

�

����

����

����

����

0
DO

6
XE
VW
UD
WH

C
B
6
XE
VW
UD
WH

L
a
c
6
XE
VW
UD
WH

L
a
c
3
UR
GX
FW

X
B
6
XE
VW
UD
WH

C
B
3
UR
GX
FW

X
B
3
UR
GX
FW

1,06�FKLS

1,06�FKLS

Assay plate Acoustic

GHSRVLWLRQ

Laser

a c
Expression

Cellobiose

Lactose

Xylobiose

b

$
%
<
��
��
��
��
&
KO
RU
RI
OH
[X
Ví
DX
UD
QW
LD
FX
Ví
-í
��
íI

l

$
$
)�
��
��
��
�7
KH
UP
XV
íQ
RQ
SU
RW
HR
O\
WLF
XV

A
&
8
��
��
��
��
&
DW
HQ
XO
LV
SR
UD
íD
FL
GL
SK
LOD
í'

60
í�
��
��

%$
*
��
��
��
��
6W
UH
SW
RP

\F
HV
íJ
ULV
HX
Ví
VX
EV
S�
íJ
ULV
HX
Ví
1
%5

&
í�
��
��

$&
0
��
��
��
��
7K
HU
P
RP

LF
UR
EL
XP

íU
RV
HX
P
í'

60
í�
��
�

A
C

Z
4
2
��

5
.1

 T
h
e
rm

o
b
a
c
u
lu

m
íW
HU
UH

n
u
m
íA

T
C

C
íB

A
A
í7
��

A
%'

��
��
��
��
5
KR
GR
IH
UD
[í
IH
UUL
UH
GX
FH
QV
í7

��
�

$'
'
��
��
��
��
0
HL
RW
KH
UP
XV
íU
XE
HU
í'

60
í�
��
�

$%
)�
��
��
��
�0
\[
RF
RF
FX
Ví
[D
QW
KX
Ví
'
.í

��
��

$%
8
��
��
��
��
5
RV
HL
IOH
[X
Ví
FD
VW
HQ
KR
O]
LLí
'
60

í�
��
��

$%4��������)ODYREDFWHULXPíMRKQVRQLDHí8:���$'%��������6SLURVRPDíOLQJXDOHí'60í��A''���46.1 0eiothermuVírubHUí'60í1279

$&-��������$QR[\EDFLOOXVíIODYLWKHUPXVí:.�

ACQ71��6.1 E[LJuobacteriumísp�íAT1b

&$$��������7KHUPRDQDHUREDFWHUíEURFNLL

$$$��������3DHQLEDFLOOXVíSRO\P\[D

$$=��������$OLF\FOREDFLOOXVíDFLGRFDOGDULXV

&5����&RZ�5XPHn

AAQ��������&ORVWULGLXPíFHOOXORYRUDQV
&$$��������&DOGLFHOOXORVLUXSWRUíVDFFKDURO\WLFXV

&$$��������&ORVWULGLXPíWKHUPRFHOOXPí$7&&í�����

$&/��������+DORWKHUPRWKUL[íRUHQLLí+í���

AC.43�71.1 'ictyoJlomXVíWXUJLGumí'60í6724

A
C-�6349.1 T

herm
osipKRíDIULFDQXVí

T
C
F
52B

A
C0

2
2
9
5�

.1
 T

h
e
rm

o
toJ

aí
n
e
a
p
o
lita

n
aí'60í

4
3
5
9

$%;��������3HWURWRJDíPRELOLVí6-��

$&=��������6SKDHUREDFWHUíWKHUPRSKLOXVí'60í�����

C5
 2

3
 C

oZ
 5

u
m

e
n

C5
 1

4
 C

oZ
 5

u
m

e
n

C5
 2

4
 C

oZ
 5

u
m

e
n

&%/��������5XP
LQRFRFFXVíFKDP

SDQHOOHQVLVí��3��

&5����&RZ�5XP
HQ

A
C

L
7
4
7
5
9
.1

 CORVWULGLX
m
íFHOOXORO\WLFX

m
í+��

A
B

V
5
4
7
1
6
.1

 T
rifo

liu
m
íUHSH

n
s

&
$&

��������5
DXYROILDíVHUSHQWLQD

$$$��������=HDíP
D\V

C
B'

2�
4
6
9
.1

 O
U\]Dí

s
aWLYDí-D

p
o
n
ic

aí
G

ro
u
p

$$1��������2
U\]DíVDWLYDí-DSRQLFDí*

URXS

$%'
��������6DFFKDURSKDJXVíGHJUDGDQVí�í��

%$(��������3KDQHURFKDHWHíFKU\VRVSRULXP

A
A3��������7ULFKRGHUP

DíUHHVHL

B
A

E
6
3
1
9
7
.1

 A
s
p
eUJLOOXVíRU\]DHí5

IB��

$&
2
��������7DODURP

\FHVíIXQLFXORVXV

&
$3��������3HQLFLOOLXP

íFKU\VRJHQXP
í:

LVFRQVLQí��í����

C
$.��������$VSHUJLOOXVíQLJHU

$
$
/��������5

DVDP
VRQLDíHP

HUVRQLL

$
$
;
��������0

DJQDSRUWKHíJULVHD%
$
$
��
��
��
��
7U
LF
KR
GH
UP
Dí
UH
HV
HL

&$&��������+RP
RíVDSLHQV

$$/��������%UHYLFRU\QHíEUDVVLFDH

$&
5
��
��
��
��
.R

VP
RW
RJ
Dí
RO
HD
ULD
í7

%)
í�
��
��

1

&$
.�
��
��
��
�/
LVW
HU
LDí
ZH
OVK
LP
HU
Lí
VH
UR
YD
Uí
�E
íV
WU�
í6
/&
&�
��
�

$$
.�
��
��
��
�&
ORV
WUL
GLX
P
íD
FH
WR
EX
W\O
LFX
P
í$
7&
&í
��
�

B
A
'7

7
4
9
9
.1

 G
HR
ED
FLO
OXV
íN
DX
VWR
SK
LOX
Ví
+T

A
4
2
6

A
C

Z
1
�1
�4

.1
 6

e
b
a
OGe

lla
ít

e
rm
LWLG

is
íA

T
C

C
í3

3
3
�6

A
B
V
4
1
4
2
5
.1

 6
HU
UD
WLD
íp

ro
te

a
m
DF
XOD
QV
í�
��

A
''
�1

6
1
7
.1

 T
h
e
rm

o
a
n
a
e
ro

b
a
c
te
Uí

it
a
lic

u
s
íA

b
9

$$
8�
��
��
���
%D
FLO
OXV
íOL
FK
HQ
LIR
UP
LVí
'6
0í
��
í 
í$
7&
&í
��
��
�

$&
;�
��
��
���
*H
RE
DF
LOOX
Ví
VS
�í<
��
�0
&�
�

A
B
-7

3
13

4
.1

 L
a
ct

o
co

cc
us
íla

ct
is
ís

u
b
sp
�íc

re
m

o
ri
sí
6.

1
1

B
A
'76622.1

 G
eobD

FLOO
XV
íN
DX
VWR
SK
LOXV
í+

T
A
426

A
B
U

77792.1
 C

ro
nobact

eUí
sa
Na]

aNL
LíA

T
C

C
íB

A
A
í�

94

$%
6��

���
���%

DFLO
OXVí

DP
\ORO

LTX
HID

FLHQ
Ví)

=%�
�

$$7
���

����
�%D

FLOOX
VíWK

XULQ
JLHQ

VLVí
VHUR

YDUí
NRQ

NXN
LDQí

VWU�í
��í

��

C5 5 C
RZ 5umen

$%9
���

����
�%DF

LOOXV
íSX

PLOX
Ví6

$)5
í��

�

$&
4�
���

���
�([

LJX
RED

FWH
ULXP

íVS
�í$

7�E

$&
5�
���

���
�&R

U\Q
HED

FWH
ULXP

íNU
RSS

HQV
WHG

WLLí
'6

0í
���

��

$%6
����

����%
DFLOOX

VíDP
\OROLT

XHID
FLHQ

Ví)=
%��

AAV42���
���/D

FWRED
FLOOXV

íDFLG
RSKLO

XVí1
CF0&5��

�&RZ
�5XP

en

&$/�
�����

��/DF
WRFRFF

XVíOD
FWLVíV

XEVS�
íFUHP

RULVí0
*���

�

$%-��
������

3HGLRF
RFFXVí

SHQWRV
DFHXVí

$7&&í
�����

&%/���
�����(Q

WHURFRF
FXVíVS�

í�/��

C
5 9

 C
RZ

 5um
en

B
A

E
��

1
5
7
.1

 6
ta
SK
\O
RF
RF
FX
Ví
Ka

e
m
RO
\W
LF
XV
í-
&
6C

1
4
3
5

C
$5

��
��
��
��
/D
FW
RE
DF
LOOX

Ví
UK
DP

QR
VX
Ví
/F
í�
��

$&
2
��
��
��
��
6W
UH
SW
RF
RF
FX
Ví
SQ
HX
P
RQ
LD
Hí
7D
LZ
DQ
��
)í
��

$&
=�
��
��
��
�6
HE
DO
GH
OOD
íW
HU
P
LWL
GL
Ví
$7

&
&
í�
��
��

$&
4
��
��
��
��
([
LJ
XR
ED
FW
HU
LX
P
íV
S�
í$

7�
E

$&
9�

��
��
��
�$
WR
SR
EL
XP

íS
DU
YX
OX
P
í'

60
í�
��
��

C
A

G
��
��
��
��
3H
FW
RE
DF
WH
ULX
P
íD
WUR
VH
SW
LF
XP

í6
&
5
,�
��
�

C
A
:

9
4
3
6
1
.1

 6
WUH
SW
RF
RF
FX
Ví
HT
XL
íV
XE
VS
�í
HT
XL
í�
��
�

&
$4

��
��
��
��
/D
FW
RE
DF
LOOX
Ví
FD
VH
Lí
%/
��

%$
'�
��
��
��
�%
DF
LOOX
Ví
FOD
XV
LLí
.6

0
í.
��

B
A

C
1
4
7
1
9
.1

 O
c
e
a
n
o
b
a
c
il
lu
Ví

ih
e
y
e
n
VLV
í+

T
E
�3

1

%$
'�
��
��
��
�*
HR
ED
FLO
OX
Ví
ND
XV
WR
SK
LOX
Ví
+7

$�
��

$&
4
��
��
��
��
([
LJ
XR
ED
FW
HU
LX
P
íV
S�
í$
7�
E

CAA56���.1 PantoHDíDJJ
ORmerans%$%������

��6XOIROREX
VíWRNRGDLLí

VWU�í�$%/��������7
KHUPRILOXPíSH

QGHQVí+UNí�
$%/��������7KHUPofilumíSHQGHQVí+UNí�

%$$��������7KHUPRFRFFXVíNRGDNDUHQVLVí
.2'�

&$%��������3\URFRFFXVíDE\VVLí*(�

$$/��������3\URFRFFXVíIXULRVXVí'60í����

$%<��������XQFXOWXUHGíEDFWHULXP

$&-��������7KHUPRVLSKRíDIULFDQXVí7&)��%

$%6��������)HUYLGREDFWHULXPíQRGRVXPí5W��í%�

AB:�1492.1 CDOGLYLUJDímaTXilinJHQVLVíICí167

%$%��������7KHUPRSODVPDíYROFDQLXPí*66�

$%:��������&DOGLYLUJDíPDTXLOLQJHQVLVí,&í���

AAY���55.1 6ulfolobuVíDFLGRcaOGDULXVí'60í�39

$$$��������6XOIROREXVíVROIDWDULFXV

CAC12444.1 ThermoplasmDíDFLGRSKLOXP

$$7��������3LFURSKLOXVíWRUULGXVí'60í����

&5����&RZ�5XPHQ

AB-�3756.1 CanGLGDtuVí6olibacteUíusitaWXVíEllin��76

$%<��������&KORURIOH[XVíDXUDQWLDFXVí-í��íIO

$%:��������)UDQNLDíVS�í($1�SHF

&$-��������6WUHSWRP\FHVíDPERIDFLHQVí$7&&í�����

%$*��������6WUHSWRP\FHVíJULVHXVíVXEVS�íJULVHXVí1%5&í�����

C
A
A
52344.1 6

treptom\FHVíURFKHL

A'
B�9596.1 BLILGobacteriumíGentiumíBG1

C
A1��121.1 CODYLEDFWHUíPLFKLJDQensis

A
B6�

4��
1
.1

 .
in

e
o
co

ccu
sí

raG
io

to
le

ra
n
sí656

3�
2
1
6

$&,��������7KHUPRGHVXOIRYLEULRí\HOORZVWRQLLí'60í�����

$%)��������0\[RFRFFXVí[DQWKXVí'.í����

$%:
��������&

DOGLYLUJDíP
DTXLOLQJHQVLVí,&

í���

A
B1

7���
2
.1

 6
ta

p
h
y
lo

th
e
rm
XVí

m
a
rin

uVí)
1

$&
/��������'

HVXOIXURFRFFXVíNDP
FKDWNHQVLVí����Q

&
$$��������7KHUP

RFRFFXVíVS�

$'
'
��������$FLGXOLSURIXQGXP

íERRQHLí7���

A
C
6��������7KHUP

RFRFFXVíVLELULFXVí0
0
í���

$&,��������'LFW\RJORP
XVíWKHUP

RSKLOXP
í+í�í��

A
B

Q
9
1
3
3
1
.1

 5
o
s
e
ifle

x
uVí

s
p�í56í

1

$%)��������&DQGLGDWXVí.RULEDFWHUíYHUVDWLOLVí(OOLQ���

$&<��������+DOLDQJLXP
íRFKUDFHXP

í'60
í�����

&$1��������6RUDQJLXP
íFHOOXORVXP

í6RíFH��

$&5��������.RVP
RWRJDíROHDULDí7%)í������

A
C
L
6
9
2
4�

.1
 +

a
lo

th
e
rm

o
th

rixí
o
re

nLLí+í
1
6�

A
B1

5
2
6
5
9
.1

 C
loVWULGLXPí

th
e
rm

o
c
e
llu

mí
A
T
C
Cí

2
7
4��

C5
 3

7
 C

oZ
 5

u
m

e
n

C
A
Q��������C

o
ry

n
e
b
a
c
te

riu
m
íXUHDO\WLFXP

í'60
í����

%$$��������%DFLOOXVíVS.

A
A
A
22266.1 BDFLOOXVíFLUFXODQVíVXEVS�íDONDORphilus

B
A
B�5642.1 B

acillusíhaloGuransíCí125

%$
(�
��
��
���
0D
JQ
HWR
VS
LULO
OXP
íP
DJ
QH
WLF
XP
í$
0%
í�

A
C
03
�2

7
4
.1

 A
Jro

ba
ct

e
ri
u
m
íY

iti
sí
64

A
C
F
��
��
���
�5K

RG
RS
VH
XG
RP
RQ
DV
íS
DOX
VWU
LVí

T
IE
í�

B
A
I7

53�
5.1

 A
]osp

iri
llu

m
ís

p�í
B
51�

A
C
L
9
5
6
�5

.1
 C

a
u
lo

b
a
c
te
Uí

c
re

s
c
e
n
tu

s
í1

A
1
��
�

$%
,��
��
���
�%
XUN
KR
OGH
ULD
íD
PE
LID
ULD
í$
00

'

$'*�����
���7KHUPRE

LVSRUDíELVS
RUDí'60í

�����

$'%��������&
RQH[LEDFWHUíZ

RHVHLí'60í��
���

$%.��������$FLGRWKH
UmXVíFHOOXORO\WLFXVí��%

$'*��������&HOOXORPRQDVíIODYLJHQDí'60í�����

&%*��������6WUHSWRP\FHVíVFDELHLí�����
%$$��������%LILGREDFWHULXPíEUHYH

&$$��������6WUHSWRP\FHVíVS�

ACZ���
64.1 6tre

ptosporaQJ
iumíUR

VHumí'
60í

���21

$%.�
����

���0\
FRED

FWHULX
PíVP

HJPD
WLVíVW

U�í0&
�í��

�

$$)�
�����

��7KH
UPREL

ILGDíI
XVFD

$&<��
������

7KHUP
RPRQR

VSRUDí
FXUYDWD

í'60
í����

�

$'*��
������7

KHUPRE
LVSRUDí

ELVSRUD
í'60í

�����

ACZ�6244.1 6treptosporaQJiumíURseumí'60í43��1

C
A
B
952��

���6
tre

pto
m
\FH

VíF
RHO
LFR
ORUí

$32

$'
*�
���

���
�7K

HUP
REL
VSR

UDí
ELV
SRU

Dí'
60

í��
���

&$
4�
���

���
�&OD

YLE
DFW
HUí

PLF
KLJ
DQH

QVL
VíV

XEV
S�í

VHS
HGR

QLF
XV

%$*
���

����
�6WU

HSWR
P\F

HVí
JULV

HXV
íVX

EVS
�íJ

ULVH
XVí

1%5
&í�

���
�

BA+33569.1 5hRG
ococcuVí

erythro
SROL

VíP54

$'*
���

����
�7KH

UPR
ELVS

RUDí
ELVS

RUDí
'60

í��
���

$&=
����

����6
WUHSW

RVSR
UDQJ

LXPí
URVH

XPí
'60

í���
�1

$&
=��

���
���7

KHU
PR

PR
QRV

SRU
DíF

XUY
DWD

í'6
0í

���
��

A
B
C

9
2
3
9
5
.1

 5
KL]
RE
LXP

íH
WOLí

C
)1
í�

2

A
B
'5

4
�6

1
.1
�-D

n
n
a
s
c
h
ia
ís

p
�í

C
C
61

A
B
P
��
��
�.1

 5
KR
Go

b
a
c
te
Uí
VS
KD
HU
RLG
HV
íA

T
C
C
í�
��
��

$%
&�
��
��
��
�+
DK
HOO
Dí
FK
HMX
HQ
VLV
í.
&7
&í
��
��

$&
2�
��
��
��
�'
HLQ
RF
RF
FX
Ví
GH
VH
UWL
í9
&'

��
�

$%
(�
��
��
��
�%
XU
NK
RO
GH
ULD
í[
HQ
RY
RU
DQ
Ví
/%
��
�

B
A

C
9
6
1
5
4
.1

 V
LE
ULR
íY
XO
QL
ILF
XV
íY
-�
�6

%$
-�
��
��
��
�6
KH
ZD
QH
OOD
íY
LR
OD
FH
Dí
'6

6�
�

$%
'�
��
��
��
�6
DF
FK
DU
RS
KD
JX
Ví
GH
JU
DG
DQ
Ví
�í
��

A
A

U
9
2
1
4
2
.1

 0
e
th

y
lo

c
o
c
c
u
Ví

c
a
p
s
u
OD
WX
Ví
VW
U�í

B
a
th

$%
)�
��
��
��
�6
SK
LQ
JR
S\
[L
Ví
DO
DV
NH
QV
LV
í5

%�
��

6

���&
���&

���&
���&

1R�DFWLYLW\

0D[LPXP�DFWLYH�WHPSHUDWXUH Gene sourceExpression

1RW�H[SUHVVHG
([SUHVVHG Bacteria 0HWDJHQRPLF

Archaea (XNDU\RWH

In
te

n
s
it
y

P�]

��� ���� 1��� ���� ����

�

����

����

����

����

0
DO

6
XE
VW
UD
WH

C
B
6
XE
VW
UD
WH

L
a

c
6
XE
VW
UD
WH

L
a

c
3
UR
GX
FW

X
B
6
XE
VW
UD
WH

C
B
3
UR
GX
FW

X
B
3
UR
GX
FW

1,06�FKLS

1,06�FKLS

Assay plate Acoustic

GHSRVLWLRQ

Laser

$
'
&
��
��
��
��
$
OOR
FK
UR
P
DW
LX
P
íY
LQ
RV
XP

í'
6
0
í�
��

$
$
8
��
��
��
��
0
HW
K\
OR
FR
FF
XV
íF
DS
VX
OD
WX
Ví
VW
U�í

%
DW
K

$
%
)�
��
��
��
�6
SK
LQ
JR
S\
[L
Ví
DO
DV
NH
QV
LV
í5

%
��
�6

A
%

P
��
��
��
��
5

ho
do

ba
FW
HU
íV
SK

aH
ro
LG
HV
íA

TC
C
í�
��

25
A%

A
��
��

5.
1�
5

ho
do

ba
cW
HU
íV
Sh

aH
ro

id
HV
í2

.4
.1

A
C
0
��
�5
�.

1�
5

ho
do

ba
FW
HU
íV
Sh

aH
ro

id
HV
íK

D
1�
�

$
%
1
��
��
��
��
5
KR
GR
ED
FW
HU
íV
SK
DH
UR
LG
HV
í$

7&
&
í�
��
��

A%
)6

22
�1

.1
�5

uH
JH

ria
íV
S�
íT

0
1�

4�
A
%D

54
�6

1.
1 

Ja
QQ

aV
ch

ia
íV
S�
íC

C
6

1
$%

9�
��
��
��
�'
LQ
RU
RV
HR
ED
FW
HU
íV
KL
ED
Hí
'
)/
í�

2

$
'
(
��
��
��
��
5
KR
GR
ED
FW
HU
íF
DS
VX
OD
WX
Ví
6
%
í�
��
�

$
%
*
��
��
��
��
5
RV
HR
ED
FW
HU
íG
HQ
LWU
LIL
FD
QV
í2

&
Kí
��
�

A
D
*
��

6�
�.

1 
Th
H r

m
ob
LV
So

ra
íb
LV
So

ra
íD

6
0
í4
��
��

A
D
%
�2

9�
�.

1 
K

rib
bH

lla
íI
Oa
YL
Ga
íD

6
0
í1
��
�6

A
%

P
55
�9

6.
1�
6

al
iQ
LV
So

ra
ít

ro
Si

ca
íC

1
%
í4

4�

C5 1� Cow�5umHQ

C5 1 Cow�5umHQ

C5 1� Cow�5umHQ

ACT�14��.1 PaHQibacilluVíVS
�íJD5í2

AC/45�95.1 C\aQothHcHíVS�í
PCCí�425

C5 2� Cow 5umHQ

C5 2� Cow�5umHQ

$%4����
����%UDG\

UKL]RELXmíVS�í%TAi1

C$/����
����%UDG\

UKL]RELXmíVS�í25
6í���

13������
����%UDG\

UKL]RELXP
íMDSRQLFX

Pí86'$í
���

13������
����%UDG\

UKL]RELXP
íMDSRQLFX

Pí86'$í
���ACZ��9�1.1 6ShaHrobacWHUíthHrmoShiluVíD60í2��45

CA*��1��.1 DHVuOIo
taOHaíSV\chroShilaí/6Y5

4

C5 16 Cow�5umHQ

C5 14 Cow�5umHQ

AC5��6��.1 EubacWHriumíHliJHQVíATCCí2��5�

&5����&RZ�5
XPHQ

&5����&RZ�5
XPHQ

$%:��������$FD
U\RFKORULVíP

DULQDí0%,&�
����

CA19���2.1�6oraQJiumícHlluloVumí6oícH56

CA19�615.1�6oraQJiumícHlluloVumí6oícH56

&5����&RZ�5XPH
Q

C5��� Cow�5umHQ
C5��1 Cow 5umHQ
C5��� Cow�5umHQ

&5����&RZ�5XPH
Q&%/��������5XP
LQRFRFFXVíFKDPS

DQHOOHQVLVí��3��

&%/��������5XPLQRFRFFXVí
REHXPí$�í��2

$&=��������&HOOXORVLO\WLFXP
íUXPLQLFROD

&5����&RZ�5XPHQ
C5 2��&ow�5umHQ
C5��� Cow�5umHQ
C5 29 Cow�5umHQ

$&/�����
���&ORVWULG

LXPíFHOOXO
RO\WLFXPí+

��

$&8��������3HGREDFWHUíKHSDULQXVí'60í����
ACU59��4.1 ChLWLQoShaJaíSLQHQVLVíD60í25��AD%��94�.1�6SiroVomaíliQJuaOHíD60í�4ACT96�69.1 D\adobacWHUíIHrmHQtaQVíD60í1��5�

A%Q���56.1�)laYobacWHriumíMRhQVoQiaHíU:1�1
$%*��������&\WRSKDJDíKXWFKLQVRQLLí$7&&í�����
$')��������=XQRQJZDQJLDíSURIXQGDí60í$��

ADD2��46.1�0HiothHrmuVírubHUíD60í12�9

A
C

X
��259.1 P

HctobaFWHrium
íw

aVDbLDHí:
P

P
16�

C
A

K
1969����/LVWHriaíw

HOVKim
HULíVHroYDUí6bíVWU�í6

/&
C

5��4

A
C

K
4�66�.1�/LVWHULDím

oQRF\toJHQHVí+
C

C
��

C
A
6
�4�95.1�/LV WH riaím

oQoc\toJHQHVíVHroW\SHí4bíVWU�íC
/,3

í��459

A
D
%
��191.1�/LV WHriaím

oQoF\to JHQHVí��í592�
$
$
7��������/LVWHULDíP

RQRF\WRJHQHVíVHURW\SHí�EíVWU�í)���5
&
$
&
��������/LVWHULDíLQQRFXDí&

OLS�����

1
P

 46���1.1�/ LVWH riaím
oQ oc\to JHQHVíE

*
D
íH

$'
(�

��
��
��
�%
DF
LOOX

Ví
P
HJ
DW
HU
LX
P
í4

0
í%

��
��

A%
Y4

4�
�4

.1
�%

ac
illu

Ví
w
Hi

hH
QV
WH
Sh

aQ
HQ
VL
Ví

K%
A%

4

AA
P1

�6
�5

.1
�%

ac
illu

Ví
cH
UH

uV
íA

TC
C
í1

45
�9

AD
+
��

24
�.

1�
%

ac
illu

Ví
th

uU
LQ
JL
HQ
VL
Ví
%0

%1
�1

A
AK

��
�6

5.
1 

C
lo
Vt

rid
iu

m
ía

cH
to

bu
W\

lic
um

íA
TC

C
í�

24

$%
5
��
��
��
��
&
OR
VW
ULG
LX
P
íE
HL
MH
ULQ
FN
LLí
1
&
,0
%í

��
�2

&
$
4
��
��
��
��
$
OLLY
LE
ULR
íV
DO
P
RQ
LF
LG
Dí
/)
,�
��
�

AA
:
�5

1�
�.

1�
9i

br
io
íI
LV

ch
HU
Lí

E6
11

4

AC
+

6�
�5

5.
1�
9

ib
rio
íI
LV

ch
HU
Lí
0

J1
1

$
&
4
��
��
��
��
(
[L
JX
RE
DF
WH
ULX
P
íV
S�
í$

7�
E

A
%
5
��
�9

2.
1 

K
OH
EV
LH

lla
íS
QH
Xm

RQ
ia
Hí
VX
EV
S�
íS
QH

um
RQ

ia
Hí
0
*
+
í�
�5
��

%
A+

6�
��
�.

1 
K
OH
EV
LH

lla
íS
QH

um
oQ
LD
Hí
Vu

bV
S�
íS
QH

um
oQ
LD
Hí
1

TU
+
íK

2�
�4

A
C
,�
�2

65
.1

 K
OH
EV
LH

lla
íS
QH

um
oQ

ia
Hí
�4

2
$
'
&
��
��
��
��
.
OH
EV
LH
OOD
íY
DU
LLF
RO
Dí
$
Wí
�� $

&
4
��������7ROXP

RQDVíDXHQVLVí'
6
0
í����

A
C

Y
�5
��

6.
1 

E
dw

ar
dV
LH

lla
ít

ar
da
íE

,%
2�

2
A
%
9

4�
�1

5.
1�
6
Hr

ra
tia
íS

ro
WH

am
ac

ul
aQ
Ví

56
�

$$
.�

��
��
��
�&
OR
VW
ULG
LX
P
íD
FH
WR
EX
W\
OLF
XP

í$
7&

&
í�
��

$$
9�

��
��
��
�/
DF
WR
ED
FL
OOX
Ví
DF
LG
RS
KL
OX
Ví
1
&
)0

$$
6�

��
��
��
�/
DF
WR
ED
FL
OOX
Ví
MR
KQ
VR
QL
Lí
1
&
&
í�
��

A%
1

44
55
�.

1�
6t

rH
St

oc
oc

cu
Ví
Va
QJ

uL
QL
Ví
6K

�6

%A
D
��

49
9.

1�
*
Ho

ba
ci

llu
Ví
Na

uV
to
Sh

ilu
Ví
+

TA
42

6

A%
2

6�
4�
�.

1�
*
Ho

ba
ci

llu
Ví

th
Hr

m
od
HQ

itr
LIL

ca
QV
í1

*
��
í2

$%
*
��
��
��
��
&
OR
VW
ULG
LX
P
íS
HU
IUL
QJ
HQ
Ví
60

��
�

$&
=�
��
��
��
�6
HE
DO
GH
OOD
íW
HU
P
LWL
GL
Ví
$7

&
&
í�
��
��

AA
U
��
��
��
��
%D

FL
OOX
Ví
OLF
KH
QL
IR
UP
LV
íD

60
í�
�í
 í
$7

&
C
í�
��
��

C
AE

�2
62
�.

1�
%a

ci
llu
Ví

am
\l

ol
iq

uH
ID

cL
HQ
Ví
)Z

%4
2

C
A%

12
1�

5.
1�
%a

ci
llu
Ví
Vu

bW
LOLV
íV

ub
VS
�í
Vu

bW
LOLV
íV
WU�
í1

6�

%A
,�
��

1�
.1
�%

ac
illu

Ví
Vu

bW
LOLV
íV

ub
VS
�í
Qa

tto
í%

E6
T1

95
AA

Q
��
��
��
��
&

hr
om

RE
DF
WH
ULX

m
íY
LR
OD
FH
XP

í$
TC

C
í�
��
��

$%
.�

��
��
��
�$
HU
RP

RQ
DV
íK
\G
UR
SK
LOD
íV
XE
VS
�í
K\
GU
RS
KL
OD
í$

TC
C
í�
��
�

C
AK

19
66
�.

1�
/L
VW
Hr

ia
íw

HO
Vh

im
Hr
Lí
VH

ro
Ya

rí
6b
íV

tr�
í6

/C
C

5�
�4

C
%+

26
4�

4.
1�
/L
VW
Hr

ia
íV
HH
OLJ
Hr
Lí
VH

ro
Ya

rí
12

bí
Vt

r�í
6/

C
C
�9

54

C
AC

95
5�
�.

1�
/L
VW
Hr

ia
íL
QQ

oc
ua
íC

OLS
11

26
2

AA
T�
��
��

.1
�/
LV
WH

ria
ím

oQ
oc
\t

oJ
HQ
HV
íV
Hr

oW
\S
Hí

4b
íV
WU�
í)

2�
65

AD
%�

�1
61

.1
�/
LV
WH

ria
ím

oQ
oc
\t

oJ
HQ
HV
í�
�í

59
2�

1
3�
��
��
��
��
�/
LV
WH
ULD
íP

RQ
RF
\W
RJ
HQ
HV
í(

*
'
íH

A$
2
��
��
��
��
(Q

WH
UR
FR
FF
XV
íI
DH
FD
OLV
í9

��
�

AA
Q
��
��
��
��
8
QN
QR
Z
Q

AA
K�

42
��
�1
�/

ac
to

co
cc

uV
íO
DF
WLV
íV
Xb
VS
�í

la
FW
LV
í,
O�
��
�

AD
A�

��
��
��
�/

ac
to
FR
FF
XV
íO
DF
WLV
íV
XE
VS
�í
OD
FW
LV
íK

)1
��

C
A/

��
�9

6.
1�
/D
Ft

oc
oc

cu
Ví

la
FW
LV
íV
Xb
VS
�í
FU
Hm

RU
LV
í0

*
1�
��

A%
J�

1�
�2

.1
�/

ac
to

co
cc

uV
íl

ac
WLV
íV

ub
VS
�í

cU
Hm

or
LV
í6

K1
1

C
A,
�5
��
�.

1�
/a

ct
ob

ac
illu

Ví
Va
NH
Lí
Vu

bV
S�
íV

aN
HL
í2
�K

C
AC

9�
12

9.
1�
/L
VW
Hr

ia
íL
QQ

oc
ua
íC

OLS
11

26
2

C
%+

2�
�2

4.
1�
/L
VW
Hr

ia
íV
HH
OLJ
HU
Lí
VH

ro
Ya
Uí

12
bí
VW
U�í
6/

C
C
�9

54

AC
K4

1�
��

.1
�/
LV
WH

ria
ím

oQ
oc
\W
RJ
HQ
HV
í+

C
C

2�

$'
%�
��
��
��
�/
LV
WH
ULD
íP

RQ
RF
\W
RJ
HQ
HV
í�
�í
��
��

$$
7�
��
��
��
�/
LV
WH
ULD
íP

RQ
RF
\W
RJ
HQ
HV
íV
HU
RW
\S
Hí
�E
íV
WU�
í)
��
�5

&
$.

��
��
��
��
/L
VW
HU
LD
íZ

HO
VK
LP
HU
Lí
VH
UR
YD
Uí
�E
íV
WU�
í6

/&
&
��
��

A%
5
�6

94
�.

1 
C

lo
Vt

rid
iu

m
íb
HL
MH

rLQ
cN
LLí
1

C
,0
%í

��
52

C
%/

��
91

5.
1 

bu
W\

ra
WH
íS

ro
du

cL
QJ
íb

ac
tH

riu
m
í6

6C
2

C
%K

�2
92

9.
1 

C
oS

ro
co

cc
uV
íV
S.
íA

5
T5

51

C5
 1

1 
Co

w�
5u

m
HQ

CA
Q�
��
��
��
�/
DF
WR
ED
FLO
OXV
íF
DV
HLí
%/
��

$%
-�
��
��
��
�/
DF
WR
ED
FLO
OXV
íF
DV
HLí
$7
&&

í�
��

A%
5�

66
�4

.1
 C

loV
tri

diu
m
íb
HLM
HU
LQc
NLL
í1

C,
0
%í
��

52

$%
2�
��
��
��
�*
HR
ED
FLO
OXV
íW
KH
UP
RG
HQ
LWUL
ILF
DQ
Ví
1*

��
í�

$&
;�
��
��
��
�*
HR
ED
FLO
OXV
íV
S�
í<
��
�0
&�

1

%$
'�
��
��
��
�*
HR
ED
FLO
OXV
íN
DX
VWR
SK
LOX
Ví
+7
$�
��

C5
 1

5 
Cow

�5
um
HQ

&5
���
&R
Z�
5X
PH
Q

$&
4�
��
��
���
([
LJX
RE
DF
WHU
LXP

íV
S�í
$7
�E

$&
=�
��
��
���
6H
ED
OGH
OOD
íW
HU
PL
WLG
LVí
$7
&&
í�
��
��

CA/
9�

6�
9.1
�/a

cto
co

cc
uV
íla

cWL
Ví
Vu

bV
S�í

crH
mor

LVí
0*

1�
6�

AAK�
55

5�
.1�
/a

cto
co

cc
uV
íla

cWL
Ví
Vu

bV
S�í

lac
WLV
í,
O�4
��

AD$
��
��
���
�/D
FWR
FR
FF
XV
íOD
FWL
Ví
VX
EV
S�í
ODF
WLV
í.
)�
��

AC7
��
��
���
�3
HF
WRE
DF
WHU
LXP

íF
DU
RWR
YR
UX
Pí
VX
EV
S�í
FD
UR
WRY
RU
XP
í3

C1

CAD�
��
��
���
/D
FWR
ED
FLO
OXV
íS
ODQ
WDU
XP
í:

C)
61

C%
/�
��
��
���
(Q
WHU
RF
RF
FX
Ví
VS
�í�
/�
�

$%-��������3HGLRFRFFXVíSHQWRVDFHXVí$7&&í����5

&$5��������6WUHSWRFRFFXVíXEHULVí����-

$&7��������/DFWREDFLOOXVíSODQWDUXPí-'0�

&$'��������/DFWREDFLOOXVíSODQWDUXPí:&)6�

%$$��������/DFWREDFLOOXVíJDVVHUL

&$;��������/DFWREDFLOOXVíMRKQVRQLLí),����

&%/��������5XPLQRFRFFXVíVS�í65�5

CAJ699��.1 CloVtridiumídLIILFilHí6��

C%A6��41.1 CORVWULGLXmíGLIILFLOHíCD196

C%/512�9.1�/actobacilluVícULVSatuVí6T1

C5 12 Cow�5umHQ

C5���&ow�5umHQ

C5����&oZ�5XmHQ

$$.��������&ORVWULGLXPíDFHWREXW\OLFXPí$7&&í���

A%5�6���.1 CloVtridiumíbHLMHrLQcNiií1C,0%í��52

A%5�6�94.1 CloVtridiumíbHLMHriQcNLLí1C,0%í��52

C5 6 Cow�5umHQ

C5�� Cow 5umHQ

ACZ�52��.1 DicNH\aídadaQWLLíEch5�6

AC6���25.1 DicNH\aídadaQWLLíEch���

$&4��������7ROXPRQDVíDXHQVLVí'60í����

$&4��������7ROXPRQDVíDXHQVLVí'60í����

$&;��������3HFWREDFWHULXPíZDVDELDHí:PP1��

CA*���2�.1 PHctobactHriumíatroVHSticumí6C5,1�4�

C%A19444.1 ErwLQiaíam\loYoraíC)%P14��

CA295525.1 ErwLQiaítaVmaQLHQVLVíEt199

&$/��������<HUVLQLDíHQWHURFROLWLFDíVXEVS�íHQWHURFROLWLFDí����

AA2��������6DOmRQHOODíHQWHULFDíVXEVS�íHQWHULFDíVHURYDUí7\SKLíVWU�í7\2

CA54����.1�6tUHStococcuVíubHrLVí�14�J

%A)��595.1�6taSh\lococcuVíluJduQHQVLV

ADC�65��.1�6taSh\lococcuVíluJduQHQVLVí+KU�9í�1

%$%��������6WDSK\ORFRFFXVíDXUHXVíVXEVS�íDXUHXVí0:�

$%'��������6WDSK\ORFRFFXVíDXUHXVíVXEVS�íDXUHXVí1&7&í����

&$4��������6WDSK\ORFRFFXVíDXUHXVíVXEVS�íDXUHXVí67���

&$,��������6WDSK\ORFRFFXVíDXUHXVí5)���

&$*��������6WDSK\ORFRFFXVíDXUHXVíVXEVS�íDXUHXVí056$���

AC9��������1DNDPXUHOODímuOWLSDUWLWDí'60í�����

$%9��������%DFLOOXVíSXPLOXVí6$)5í���

$')��������%DFLOOXVíPHJDWHULXPí'60í���

$'(��������%DFLOOXVíPHJDWHULXPí40í%����

A%6�429�.1�%acilluVíam\loliquHIDcLHQVí)Z%42

%A,���11.1�%acilluVíVubWLOLVíVubVS�íQattoí%E6T195

AAA2266�.1�%acilluVíVubtLOLV

AC4��������([LJXREDFWHULXPíVS�í$7�E

AC%��������([LJXREDFWHULXPíVLELULFXPí���í��

&$/��������/DFWRFRFFXVíODFWLVíVXEVS�íFUHPRULVí0*����

$%-��������2HQRFRFFXVíRHQLí368í�

$&7��������/DFWREDFLOOXVíSODQWDUXPí-'0�

CAD65���.1�/actobacilluVíSlaQtarumí:C)61

A%J6�62�.1�/actobacilluVíbrHYLVíATCCí�6�

AA94212�.1�/actobacilluVíacidoShiluVí1C)0

AC7��������/DFtobacilluVíSODQWDUXPíJD01

AC7��������/actobacilluVíSODQWDUXmí-'0�

CAQ��������/DFWREDFLOOXVícaVHLí%/��

C$5��������/actoEDFLOOXVírhamQRVXVí**

CA5��������/DFWREDFLOOXVíUKDPQRVXVí/Fí���

A%-����6.1 PHGLRFRFFXVíSHQWRVDFHXVí$TCCí�����

$%-��������/DFWREDFLOOXVíJDVVHULí$7&&í�����

%$$��������/DFWREDFLOOXVíJDVVHUL

$$6��������/DFWREDFLOOXVíMRKQVRQLLí1&&í���

&$;��������/DFWREDFLOOXVíMRKQVRQLLí),����

C%/��������/DFWREDFLOOXVíFULVSDWXVí67�

$$9������1�/DFWREDFLOOXVíDFLGRSKLOXVí1&)0

&%.��������(XEDFWHULXPíUHFWDOHí0����

&%/��������5XPLQRFRFFXVíWRUTXHVí/�í��

&%/��������(QWHURFRFFXVíVS�í�/��

$$.��������/DFWRFRFFXVíODFWLVíVXEVS�íODFWLVí,O����

&$/��������/DFWRFRFFXVíODFWLVíVXEVS�íFUHPRULVí0*����

$%-��������/DFWRFRFFXVíODFWLVíVXEVS�íFUHPRULVí6.��

$%9��������6WUHSWRFRFFXVíJRUGRQLLíVWU�í&KDOOLVíVXEVWU�íC+1

AC22����.1�6trHStococcuVíSQHumoQiaHíTaiwaQ19)í14

AC%�9564.1�6trHStococcuVíSQHumoQiaHíC*6P14

A%J5�661.1�6trHStococcuVíSQHumoQiaHíD�9

$&2��������6WUHSWRFRFFXVíSQHXPRQLDHí�����

%$+��������6WUHSWRFRFFXVíG\VJDODFWLDHíVXEVS�íHTXLVLPLOLVí**6����

C%,��������6WUHSWRFRFFXVíJDOORO\WLFXVí8&1��

AA1��������6WUHSWRFRFFXVíPutaQVí8A159

%$+��������6WUHSWRFRFFXVíPXWDQVí11����

$%(��������(VFKHULFKLDíFROLí87,��

$')��������(QWHUREDFWHUíFORDFDHíVXEVS�íFORDFDHí$7&&í�����

$%3��������(QWHUREDFWHUíVS�í���

&%.��������(QWHUREDFWHUíFORDFDHíVXEVS�íFORDFDHí1&7&í����

$%9��������&LWUREDFWHUíNRVHULí$7CCí%$$í�95

AC,��������KOHEVLHOODíSQHXPRQLDHí���

$%5����2.1 KOHbVLHOODíSQHXPRQLDHíVXEVS�íSQHXPRQLDHí0*+í�����

$'*��������/HXFRQRVWRFíNLPFKLLí,0618í�����

$%-��������/HXFRQRVWRFíPHVHQWHURLGHVíVXEVS�íPHVHQWHURLGHVí$7&&í����

AA2��1��.1 EQWHURcoFFXVíIDHFDOLVí95��

C%/������1 EQWHURFRFFXVíVS�í�/��

AA6��1��.1�/actobacilluVíMohQVoQiií1CCí5��

AA942�4�.1�/actobacilluVíacidRShiluVí1C)0

C%/5��42.1�/actobacilluVícriVSatuVí6T1

&%/�������
�(QWHURFRFFX

VíVS�í�/��ACZ�9�9�.1�6HbaldHllaíWHrmitidLVíATCCí����6

C%+2616��1�/LVWHriaíVHHOLJHULíV
HroYaUí12bíVWU�í6/CC�954

$$7��������/LVWH
ULDíPRQRF\WRJHQ

HVíVHURW\SHí�Eí
VWU�í)����$'%��������/LVWH

ULDíPRQRF\WRJHQ
HVí��í����CAC9525�.1�/LVWHriaíLQQocuaíCOLS11262

CAK194�6.1�/LVWHriaíwHOVhimHULíVHroYaUí6bíVWU�í6/CC5��4

C%/����2.1�)aHFalibacWHULXmíSraXVQLW]LLí6/��C5 4 Cow�5umHQ
C5 5 Cow�5umHQ

&%/��������EXW\UDWHíSURGXFLQJíEDFWHULXPí60��
&%.��������&ORVWULGLXPíFI�íVDFFKDURO\WLFXPí.��

$&=��������&HOOXORVLO\WLFXPíUXPLQLFROD
ACA4��54.1 CloVtridiumíbotuliQumí%1íVWU�í2Nra

AD)9���1.1 CloVtridiumíbotuOLQumí)íVtr.í2��61�
A%6�414�.1 CloVtridiumíbotuliQumíAíVWU�íATCCí19�9�

CAJ699��.1 CloVWULGiumídLIILFLOHí6��
AA2����5.1 EQWHrococcuVíIDHcDOLVí95��

C%/��9��.1 EQWHrococcXVíVS�í�/�6

A%A46161.1�6WUHStococcuVíaJalactiaHíA9�9

AA0999�4.1�6WUHStococcuVíaJalactiaHí26��95

&$'��������6WUHSWRFRFFXVíDJDODFWLDHí1(0���

$$1��������6WUHSWRFRFFXVíPXWDQVí8$���

%$+��������6WUHSWRFRFFXVíPXWDQVí11���5

A%14��4�.1�6WUHStococcuVíVaQJuiQLVí6K�6

A%911�96.1�6WUHStococcuVíJordoQLLíVWU�íChaOOLVíVubVWU�íC+1

&$-��������&ORVWULGLXPíGLIILFLOHí���

$&9��������/HSWRWULFKLDíEXFFDOLVí&í����íE

&$5��������6WUHSWRFRFFXVíXEHULVí����-

C%,�2�9�.1�6WUHStococcuVíJalloO\ticuVíUC1�4

$%5��������&ORVWULGLXPíEHLMHULQFNLLí1&,0%í����

$&+��������9LEULRíILVFKHULí0-��

A%P61�5�.1 EQtHrobacWHUíVS�í6��

AD)6�5�9.1 EQWHrobacWHrícloacaHíVubVS�ícloacaHíATCCí1��4�

C%K�6���.1 EQtHrobacWHrícloacaHíVubVS�ícloacaHí1CTCí9�94

ACT4�219.1 EVchHrichiaícoOLí%íVtr.í5E/6�6

$%*��������(VFKHULFKLDíFROLí���

$%-��������(VFKHULFKLDíFROLí$3(&í21

CAQ��924.1 EVchHrichiaíIHrJuVoQLLíATCCí�5469

CA51�������EVFKHULFKLDícoOLíU01�26

C%*�����.1 EVFKHULFKLDícROLí�42

CAQ996��.1 EVchHrichiaícoOLí,$,�

CAU9��64.1 EVchHrichiaícoOLí559�9

AAZ�9464.1�6hLJHllaíVRQQHLí6V�46

ACA�6665.1 EVcKHrichiaícoOLíATCCí���9

A%)����4.1�6hLJHllaíIOH[QHULí5íVWU�í�4�1

AC,�92�4.1 EVchHrichiaícoli
$%%��������6KLJHOODíG\VHQWHULDHí6G���CAP��151.1 EVchHrichiaícoOLí/)�2

C%*�9�2�.1 CitrobactHrírodHQtiumí,&C16�

A%9151��.1 CitrobacWHríNoVHrLíATCCí%AAí�95

A%5��45�.1 KOHbVLHllaíSQHumoQiaHíVubVS�íSQHumoQiaHí0*+í��5��

$'&��������.OHEVLHOODíYDULLFRODí$Wí��

$&,��������.OHEVLHOODíSQHXPRQLDHí���

CA/��������<HUVLQLDíHQWHURFROLWLFDíVXEVS�íHQWHURFROLWLFDí���1

ACT1�1�9.1 PHctobacWHriumícarotoYorumíVubVS�ícarotoYorumíPC1

ACX��242.1 PHctobacWHriumíwaVabiaHí:PP16�

CA*�5�6�.1 PHctobacWHriumíatroVHSticumí6C5,��4�

$&6��������'LFNH\DíGDGDQWLLí(FK���

ADD��������3DQWRHDíDQDQDWLVí/0*í�����

$%9��������6HUUDtiaíSURWHDmaFXODQVí���

C%A2����.1 CroQobacWHríturicHQVLVí]���2&$5��������6WUHSWRFRFFXVíXEHULVí����-

ACQ��12�.1 E[LJuobacWHriumíVS�íAT1b%$'��������%DFLOOXVíFODXVLL
í.60í.��%$%��������%DFLOOXVíKDORGX
UDQVí&í���$%6��������%DFLOOXVíF\WRWR[

LFXVí19+í���í��AAT59229.1�%acilluVíthuULQJLHQVLVíVHroYaUíNRQNXNiaQíVWU�í9�í2�AAU19���.1�%acilluVícHUHuVíE��/

C%/�1�1�.1�)aHcalibacWHriumíSrauVQit]LLí6/��

A%
8�
��
��
���
&U
RQ
RE
DF
WHU
íV
DN
D]
DN
LLí
$TCCí

%AAí
��
�

A%
8�
��
��
���
&U
RQ
RE
DF
WHU
íV
DN
D]
DN
LLí
$7

CCí
%A$

í�
��

AC7
��
��

9.1 DL
FNH

\D
í]
HD
Hí
(ch

1591

AC6
��
��
���
�'L
FNH

\D
íG
DG
DQ
WLLí
(F
K�
��

AC1
��
��
���
�%U
DF
K\
VS
LUD
íK
\R
G\
VH
QWH
ULD
Hí
:A1

%$
(�
��
��
���
6WD

SK
\OR
FRF

FXV
íVD

SUR
SK
\WLF

XVí
VXE

VS�
íVD

SUR
SK
\WLF

XVí
$7
&&
í�
��
��

$&
$�
���

���
�&O
RVW
ULGL
XP
íER

WXOL
QXP

í$
�íV

WU�í
/RF

Kí0
DUH

H

$&
$�
���

���
�&O
RVW
ULGL
XP
íER

WXOL
QXP

í%
�íV

WU�í
2N
Ua

$%
6�
���

���
�&O
RVW
ULGL
XP
íER

WXOL
QXP

í)
íVW
U�í
/DQ

JHO
DQG

$%
6�
���

���
�&O
RVW
ULGL
XP
íER

WXOL
QXP

í$
íVW
U�í
$TCCí

���
��

ACQ�
���

���
�&O
RVW
ULGL
XP
íER

WXOL
QXP

í%
D�í

VWU�
í��

�

$&
2�
���

���
�&O
RVW
ULGL
XP
íER

WXOL
QXP

í$
�íV

WU�í
.\R

WR

$$
.�
��
��
���
&OR

VWU
LGLX

Pí
DFH

WRE
XW\
OLFX

Pí
$7
&&
í�
��

A%
5�

49��
.1 CloV

trid
iumí

bHL
MHUL
QcN

LLí1
C,0

%í
��5

2

AAC�
5�1

4.1 CloV
trid

iumí
loQ
JLV
Sorum

ACZ9�6
14.1 CH

lluloV
LO\t

icu
mí

rumLQ
ico

la

&%
+�
���

���
�/LV

WHUL
DíV

HHO
LJH
ULíV

HUR
YDU
í��

EíV
WU�í

6/
&&

���
�

&$
.�
���

���
�/LV

WHUL
DíZ

HOV
KLP

HULí
VHU
RYD

Uí�
EíV

WU�í
6/
&&

���
�

&$
&�
���

���
�/LV

WHUL
DíL
QQR

FXD
í&
OLS�

���
�

$'
%��

���
���/

LVWH
ULDí

PR
QRF

\WR
JHQ

HVí
��í

���
�

&$
&�
���

���
�/LV

WHUL
DíP

RQR
F\W
RJH

QHV

AAT��
12�.

1�/
LVWH

riaí
moQo

c\to
JHQ

HVí
VHr

oW\
SHí

4bíV
tr�í

)2�6
5

AC9
���

���
��/

HSW
RWUL

FKLD
íEX

FFD
OLVí

&í�
���

íE

A%9
���

���
��6

WUHS
WRFR

FFX
VíJ

RUG
RQLL

íVWU
�í&

KDOO
LVíV

XEV
WU�í

&+
1

$%1
���

����
�6WU

HSWR
FRF

FXV
íVD

QJX
LQLV

í6.
�6

%$+
���

����
�6WU

HSWR
FRF

FXV
íG\

VJD
ODFW

LDHí
VXE

VS�í
HTX

LVLP
LOLVí

**
6��

��

$$1
���

����
�6WU

HSWR
FRF

FXV
íPX

WDQV
í8$

���

AA)�
99�9.1�6

WUHS
tococcuVí

mutaQV

%A+�
��64.1�6

trHS
tococcuVí

mutaQV
í11

2�25

A%P9265�.1�6
trHS

tococcuVí
VuLV

í9�+
A+�

�

AAT15542.1 UQ
NQowQ

CA56��
�1.1�6

WUHS
tococcuVí

SQH
umoQiaHí

ATCCí�
��669

AC21�559.1�6
trHS

tococcuVí
SQH

umoQiaHí
��5�5

A%J5426�.1�6
WUHS

tococcXVí
SQH

umoQiaHí
D�9

%A+�
���

6.1 6WUH
SWRF

RFFX
VíG

\VJD
ODFWL

DHí
VXEV

S�íH
TXLV

LmLOL
Ví*

*6 124

A%)
����

����6
WUHS

WRFR
FFXV

íS\R
JHQH

Ví0
*A6�

����

AAT��
����

��6W
UHSW

RFRF
FXVí

S\RJ
HQHV

í0*
A6�

���4

AA/�
����

���6
WUHS

WRcoFFX
VíS\

RJHQ
HVí0

*A6�
���

CAD46455.1�6
WUHS

tococcuVí
aJalactiaH

í1E0�
16

CA:9��
����

�6WUH
SWRF

RFFX
VíH

TuLíV
XEVS

�íHT
XLí�

���

CA:�
��24.1 6trHS

WRFR
FFXV

íHT
XLíV

XEVS
�í]R

RHS
LGHP

icuV

AC5
1�5

�2.1 Cor\Q
HbacWH

riumí
Nro

SSH
QVW
HdW

LLíD6
0í

44��
5

AA2
159�2

.1 CoU\
QHb

acWH
riumí

Jlu
tamicum

%A,6
4�5

9.1�5
othiaí

mucilaJ
LQo
Vaí

DYí1�

ACY22�1
�.1

 *ordoQi
aíbroQ

chiaOLV
íD6

0í
4�2

4�

A&
9��

���
���1

DND
PX

UHOOD
íP

XOWLS
DUWL

WDí
'6

0í
���

��

A%0
�454�.1 PV\

chromoQaVíL
QJrahamiií��

A%U�46��.1�9
ibrioíhaUYH

\LíATCCí%
AAí1116

%$&
����

����9
LEULR

íSDU
DKDH

PRO\
WLFXV

í5,0
'í�

����
��

$&<
����

����9
LEULR

íVS�
í([�

�

$&6
����

����'
LFNH\

DíGD
GDQW

LLí(F
K���

$&;
����

����3
HFWRE

DFWHU
LXPí

ZDVD
ELDHí

:33��
�

&$*
����

����3
HFWRE

DFWHU
LXPí

DWURV
HSWLF

XPí
6&5

,���
�

$&7
����

����3
HFWRE

DFWHU
LXPí

FDURW
RYRUX

PíVX
EVS�í

FDURW
RYRUX

Pí3
&�

$$;�
����

���3H
FWRED

FWHULX
PíFD

URWRY
RUXP

íVXE
VS�íF

DURWR
YRUXm

AA*46��1.1�/H
LVhmaQiaíLQI

DQtum

CAP��1�9.1 EVchHrichiaícolií/)�2
%A,��1�9.1 EVchHrichiaícolií6E15

CA6115�9.1 EVchHrichiaícoOLí212�í+6íVtr�íE2�4�69

$'(�������
�(VFKHULFKLDí

FROLí,+(����&$5�������
�(VFKHULFKLDí

FROLí('�D

$$1����
����(VFKH

ULFKLDíFROL
í&)7���

CA5�����
���(VFKH

ULFKLDíFR
OLí,$,�

%$,�����
���(VFKH

ULFKLDíFR
OLí2��í+

��íVWU�í�
����

AAC�������
�(VFKHULF

KLDíFROLí
VWU�í.í��

íVXEVWU�í
0*1655

$%9�����
���(VFKHUL

FKLDíFROLí
+6

%A*�95�1.1 EVchHrichiaícoOLí6E11

CAQ9145�.1 EVchHrichiaíIHUJuVoQLLíATCCí�5469

A%)�5�99.1�6hLJHllaíIOH[Q
HULí5íVWU�í�

4�1

%A,��1��.1 EVchHrichiaícoOLí21��í+2íVtr.í12��9

AA%51564.1 KOHbVLHllaío[\toca

ADC5�41�.1 KOHbVLHllaíYariicolaíAWí22

AC,�1�91.1 KOHbVLHllaíSQH
umoQiaHí�42

%A+64���.1 KOHbVLHllaíSQH
umoQiaHíVubVS�íSQ

HumoQiaHí1TU+íK2�44

A%5��995.1 KOHbVLHllaíSQH
umoQiaHíVubVS.íSQHumoQiaHí0*

+í��5��

AA0�2�5�.1 EQWHrobacWHUíaHroJHQH
V

$%3��
������

(QWHUR
EDFWHU

íVS�í�
��

C%A�46��.1 CroQobacWHUíturicHQVL
Ví]���

2

AC<���
�����(

dwDUGV
LHOODíW

DUGDí
(,%��

�

ACX��495.1 PHctobacWHriumíwaVabiaHí:
PP16�

CA*�4��4.1 PHctobactHriumíatroVH
Sticumí6C5,�

�4�

AA655459.1 PHctobacWHriumícarotoYorumíVu
bVS�í

carotoYorum

ACT1�469.1 PHctobacWHriumícarotoYorumíVu
bVS�í

carotoYorumíPC1

AC6��
465.1 DLFNH

\DídadaQWLLí
EcK���

AAA2��15.1 ErwLQLD
íFKU\

VDQthHmi

ACT�65��.1 DLFNH
\Dí]H

DHí(ch1591

AC=���
�6.1 DLFNH

\DíGD
GDQWLLí

(ch5��

&$4
����

����3
KRWRU

KDEG
XVíD

V\PE
LRWLFD

&$(
����

����3
KRWRU

KDEG
XVíOX

PLQH
VFHQ

VíVX
EVS�í

ODXP
RQGLL

í772
�

ACQ946�
9.1 TolumoQ

aV
ía

uH
QVL
Ví

D6
0í

91�
�

A%
9642�

9.1�
%acill

uVí
Su

miluV
í6

A)
5í
��

2

$$
8�
��
��
���
%D
FLOO
XVí

OLFK
HQ
LIRU
PLV

í'
60

í�
�í
 í
$7
&&
í�
��
��

&$
%�
��
��
���
%D
FLOO
XVí

VXE
WLOLV
íV
XE
VS�
íV
XE
WLOLV
íV
WU�í
��
�

%$
$�
��
��
���
%D
FLOO
XVí

VXE
WLOLV

$%
6�
��
��
���
%D
FLOO
XVí

DP
\OR
OLTX

HID
FLH
QVí

)=
%�
�

$%
;�
��
��
���
/D
FWR
FR
FF
XV
íOD
FWL
Ví
VX
EV
S�í
ODF
WLV
í.
)�
��

&$
5�
��
��
���
6W
UHS
WRF
RF
FX
Ví
XE
HUL
Ví
��
��
-

&%
,��
��
���
�6
WUH
SWR
FR
FF
XV
íJ
DOO
RO\
WLF
XV
í8
&1
��

&$
'�
��
��
���
/D
FWR
ED
FLO
OXV
íS
ODQ
WDU
XP
í:
&)
6�

$&
7�
��
��
���
/D
FWR
ED
FLOO
XV
íS
ODQ
WDU
XP
í-
'0
�

$'
*�
��
��
���
/H
XF
RQ
RV
WRF
íN
LP
FK
LLí
,0
61
8í
��
��
�

$%
-�
��
��
���
/H
XF
RQ
RV
WRF
íP
HV
HQ
WHU
RLG
HV
íV
XE
VS
�íP

HV
HQ
WHU
RLG
HV
í$
7&
&í
��
��

&$
5�
��
��
���
/D
FWR
ED
FLO
OXV
íUK
DP
QR
VX
Ví
/F
í�
��

$%
5�
��
��
���
$F
WLQ
RE
DF
LOOX
Ví
VX
FF
LQR
JH
QH
Ví
��
�=

&%
+�
��
��
���
/LV
WHU
LDí
VH
HOL
JH
ULí
VH
URY
DUí
��
Eí
VWU
�í6
/&
&�
��
�

CAK�
��
��
���
/LV
WHU
LDí
ZH
OVK
Lm
HUL
íV
HUR
YD
Uí�
Eí
VWU
�í6
/&
&�
��
�

CAC�
��
��
���
/LV
WHU
LDí
LQQ
RF
XD
í&
OLS
��
��
�

13
���
��
��
���
/LV
WHU
LDí
PR
QR
F\
WRJ
HQ
HV
í(
*Dí

H

ACK�
��
��
���
/LV
WHU
LDí

mR
QR
F\W
RJ
HQ
HV
í+

CC�
�

C5
���
&R
Z�
5u

mH
Q

C%
$�
��
��
���

CloV
WULG
LXm

íG
LIIL
FLO
Hí

CD19
6

&$
-�
��
��
���
&O
RV
WULG
LXP

íG
LIIL
FLO
Hí
��
�

$%
9�
��
��
���
%D
FLO
OXV
íS
XP
LOX
Ví
6$
)5
í�
��

$$
8�
��
��
���
%D
FLO
OXV
íOL
FK
HQ
LIR
UP
LVí
'6
0í
��
í 
í$
7&
&í
��
��
�

C5
 2 

Cow
�5

um
HQ

A%
9�
��
��
���
%D
FLO
OXV
íS
XP
LOX
Ví
6$
)5
í�
��

ACD�
��
��
���
%D
FLO
OXV
íS
XP

ilu
V

$%
-�
��
��
��
�/
DF
WR
FR
FF
XV
íOD
FWL
Ví
VX
EV
S�
íF
UH
P
RU
LVí
6.
��

AD
%6
�5
��

.1
�/
LVW
Hr

iaí
m

oQ
oc
\to
JH
QH
Ví
��
í5

5�
�

&
%/
��
��
��
��
(Q
WH
UR
FR
FF
XV
íV
S�
í�
/�
�

$$
2
��
��
��
��
(Q
WH
UR
FR
FF
XV
íI
DH
FD
OLV
í9

��
�

&
$-
��
��
��
��
&
OR
VW
ULG
LX
P
íG
LII
LF
LOH
í�
��

&
%(

��
��
��
��
&
OR
VW
ULG
LX
P
íG
LII
LF
LOH
í5

��
��
�

$&
=�
��
��
��
�6
HE
DO
GH
OOD
íW
HU
P
LWL
GL
Ví
$7

&
&
í�
��
��

&
$.

��
��
��
��
/L
VW
HU
LD
íZ

HO
VK
LP
HU
Lí
VH
UR
YD
Uí
�E
íV
WU�
í6
/&

&
��
��

C
5

 1
� 

C
ow

�5
um

HQ

AA
T�
��
��
��
�0
HV
RS
OD
VP

aí
IOR
UX
P
í/

1

%A
C�

��
��
��
�0
\F
RS
OD
VP

Dí
SH
QH
WUD
QV
í+

)í
2

%A
C4

42
45
��
�0
\F
RS
OD
VP

Dí
SH
QH
WUD
QV
í+

)í
�

C5
��
� 

Co
w�
5u

m
HQ

C%
K�
��
��

.1
 C
RS
UR
FR
FF
XV
íV
S�
íA
5T

55
1

CA
54

19
2�

.1
�6

trH
St

oc
oc

cu
Ví

ub
HU
LVí

�1
4�

J

C%
,�
�5

14
.1
�6
WUH
St

oc
oc

cu
Ví
Ja

llo
O\t

icu
Ví

UC
1�

4

AA
K�

6�
5�

.1
 C

lo
Vt

rid
iu

m
ía

cH
to

bu
W\

lic
um

íA
TC

Cí
�2

4

YP
��
�1

1�
95

25
. C

oU
\Q
Hb

ac
WH

riu
m
íJ

lu
ta

m
icu

m
í5

C%
A1

94
45

.1
 E

rw
LQ

ia
ía

m
\lo
Yo

ra
íC

)%
P1

4�
�

AD
D�

6�
99

.1
 P

aQ
to
Ha
ía
Qa
Qa
WLV
í/
0
*
í2
�1
��

AC
K�

91
99

.1
�%

ac
illu
Ví

cH
rH

uV
íA
+�

2�

AC
A4

45
1�

.1
 C

lo
Vt

rid
iu

m
íb

ot
uO
LQ

um
í%

1í
Vt

r�í
2
Nr

a

AD
*
��

51
4.

1 
Cl

oV
tri

di
um

íb
ot

uO
LQ

um
í)
íV
WU�
í2
��

61
�

AC
D2
��
�2

.1
 C

lo
Vt

rid
iu

m
íb

ot
uO
LQ

um
í%
íV
WU�
íE
Nlu
Qd
í1
�%

$&
'�
��
��
��
�&
ORV
WUL
GLX
P
íE
RW
XOL
QX
P
í(
�í
VWU
�í
$O
DV
ND
í(
��

&$
*�
��
��
��
�3
HF
WR
ED
FWH
ULX
P
íD
WUR
VH
SW
LFX
P
í6
&5

,�
��
�

$&
7�
��
��
��
�3
HF
WR
ED
FWH
ULX
P
íF
DU
RW
RY
RU
XP
íV
XE
VS
�í
FD
UR
WR
YR
UX
P
í3
&�

AA
X�
��
��
��
�3
HF
WR
ED
FWH
ULX
P
íF
DU
RW
RY
RU
XP
íV
XE
VS
�í
FD
UR
WR
YR
UX
P

$&
;�
��
��
��
�3
HF
WR
ED
FWH
ULX
P
íZ
DV
DE
LDH
í:

33
��
�

$%
9�
��
��
��
�6
HU
UD
WLD
íS
UR
WH
DP

DF
XOD
QV
í�
��

$&
=�
��
��
��
�'
LFN
H\
Dí
GD
GD
QW
LLí
(F
K�
��

AD
D�

16
1�

.1
 T

hH
rm

oa
Qa
Hr

ob
ac
WH

rí
ita

lic
uV
íA

b9

$&
;�
��
��
��
�*
HR
ED
FLO
OX
Ví
VS
�í
<�
��
0
&�

1

$$
8�
��
��
��
�%
DF
LOOX
Ví
OLF
KH
QL
IR
UP
LVí
'6

0
í�
�í
 í
$7
&&

í�
��
��

CA
*
��
��
��
��
3H
FW
RE
DF
WH
ULX
P
íD
WUR
VH
SW
LFX
P
í6
&5

,�
��
�

AC
7�
��
��
��
�3
HF
WR
ED
FW
HU
LX
P
íF
DU
RW
RY
RU
XP

íV
XE
VS
�í
FD
UR
WR
YR
UX
P
í3

C1

AA
X�

66
1�

.1
 P
Hc

to
ba

ct
Hr

iu
m
íc

ar
ot

oY
or

um
íV

ub
VS
�í

ca
ro

to
Yo

ru
m

A%
9�
��
��
��
�%
DF
LOOX
Ví
SX
P
LOX
Ví
6$
)5
í�
��

$&
4
��
��
��
��
7R
OX
P
RQ
DV
íD
XH
QV
LVí
'6

0
í�
��
�

A%
5�

6�
51

.1
 C

lo
Vt

rid
iu

m
íb
HL
MH

rLQ
cN
LLí
1C

,0
%í
��

52

AA
T�

5�
6�

.1
�0
HV

oS
la
Vm

aí
IOo

ru
m
í/

1

AA
T�
��
��
��
�0
HV
RS
OD
VP

Dí
IOR
UX

m
í/
�

AAK����5.1 CORVWULGLXPíDFHWREXW\OLFumíATCCí�24

ACZ��������6HEDOGHOODíWHrmLWLGLVí$TCCí�����

ACQ69����1 E[LJXobaFWHULXPíVS�íAT1b
&%,��������6WUHSWRFRFFXVíJDOORO\WLFXVí8&1�4

$%6��������%DFLOOXVíDP\OROLTXHIDFLHQVí)=%��

AC+916�5.1 /actobacilluVírhamQoVuVí+1��1

AAD151�4.1�/actobacilluVícaVHi

AC*55692.1�/actobacilluVícaVHi

CA5�9462.1�/actobacilluVírhamQoVuVí/cí��5

AA19�959.1 UQNQowQ

C$0��������/DFWREDFLOOXVíGHOEUXHFNLLíVXEVS�íLQGLFXV

CAX66452.1�/DFWobacilluVíMRKQVRQLLí),����

$%-��������/DFWREDFLOOXVíJDVVHULí$7&Cí�����

%AA��122.1 /actobacilluVíacidoShiluV

AC9��������/HSWRWULFKLDíEXFFDOLVí&í����íb

&%,��������6WUHSWRFRFFXVíJDOORO\WLFXVí8&1��

AA159144.1�6WUHStococcuVímutaQVíUA159

%A+��646.1�6trHStococcuVímutaQVí112�25

$$$��������6WUHSWRFRFFXVíPXWDQV

C$=��������6WUHSWRFRFFXVíVXLVí%0���

C$5��������6WUHSWRFRFFXVíXEHULVí����-

$&%��������6WUHSWRFRFFXVíSQHXPRQLDHí&*63��

$&)��������6WUHSWRFRFcXVíSQHXPRQLDHí*54

A&221������6WUHSWRFRFFXVíSQHXPRQLaHí3����

$&2��������6WUHSWRFRFFXVíSQHXPRQLDHí�����

$&2��������6WUHSWRFRFFXVíSQHXPRQLDHí--$

$&2��������6WUHSWRFRFFXVíSQHXPRQLDHí7DLZDQ��)í��

$&$��������6WUHSWRFRFFXVíSQHXPRQLDHí+XQJDU\��$í�

$$.��������6WUHSWRFRFFXVíSQHXPRQLDHí5�

$$.��������6WUHSWRFRFFXVíSQHXPRQLDHí7,*5�

&%-��������6WUHSWRFRFFXVíPLWLVí%�

&$5��������6WUHSWRFRFFXVíSQHXPRQLDHí$7&&í������

$%145������6WUHSWRFRFFXVíVDQJXLQLVí6.��

$%9��������6WUHSWRFRFFXVíJRUGRQLLíVWU�í&KDOOLVíVXEVWU�í&+1

AA*��������6WUHSWRFRFFXVíJRUdRQLi

&$'��������6WUHSWRFRFFXVíDJDODFWLDHí1(0���

$&'��������/DFWREDFLOOXVíVDNHL

$%:��������/DFWRFRFFXVíJDUYLHDH

$$$��������/DFWRFRFFXVíODFWLV

$%-��������/DFWRFRFFXVíODFWLVíVXEVS�íFUHPRULVí6.��

$%3��������6WUHSWRFRFFXVíVXLVí��=<+��

&$5��������6WUHSWRFRFFXVíVXLVí3��

$$7��������6WUHSWRFRFFXVíS\RJHQHVí0*$6�����

$%)��������6WUHSWRFRFFXVíS\RJHQHVí0*$6����

AAK�462�.1�6trHStococcuVíS\oJHQHVí01í*A6

C$0��������6WUHSWRFRFFXVíS\RJHQHVíVWU�í0DQIUHGo

$$/��������6WUHSWRFRFFXVíS\oJHQHVí0*$6���2

A%)��������6WUHSWRFRFFXVíS\RJHQHVí0*$6�����

AC,�1�42.1 6trHStococcuVíS\oJHQHVí1Z1�1

A%)�4�66.1 6trHStococcuVíS\oJHQHVí0*A61�2��

$$;��������6WUHSWRFRFFXVíS\RJHQHVí0*$6����

&$;��������6WUHSWRFRFFXVíHTXLíVXEVS�í]RRHSLGHPLFXV

$&*��������6WUHSWRFRFFXVíHTXLíVXEVS�í]RRHSLGHPLFXVí0*&6�����

CA5��������6WUHSWRFRFFXVíXEHULVí����-

$$$��������6WDSK\ORFRFFXVíDXUHXV

&$*��������6WDSK\ORFRFFXVíDXUHXVíVXEVS�íDXUHXVí056$���

&$*��������6WDSK\ORFRFFXVíDXUHXVíVXEVS�íDXUHXVí066$���

$$:��������6WDSK\ORFRFFXVíHSLGHUPLGLVí53��$

$'&��������6WDSK\ORFRFFXVíOXJGXQHQVLVí+.8��í��

%AE��������6WDSK\ORFRFFuVíKDHPRO\WLFXVí-&6C14��

CA/��������6WaSK\ORcoccXVíFaUQRVXVíVXEVS�íFDUQRVXVí70���

AC22�2�4.1�6trHStococcuVíSQHumoQiaHíP1��1

ACA�649�.1�6WUHStococcuVíSQHumoQiaHí+uQJaU\19Aí6

AC216954.1�6WUHStococcuVíSQHumoQiaHí��5�5

AC222�41.1�6WUHStococcuVíSQHumoQiaHíTaiwaQ19)í14

AAK�46�6.1�6WUHStococcuVíSQHumoQiaHíT,*54

AAK9922�.1�6WUHStococcuVíSQHumoQiaHí56

AAT1��19.1 UQNQowQ

AC)556��.1�6trHStococcuVíSQHumoQiaHí*54

CA5��������/DctobacilluVíUKamQRVXVí/Fí��5

A%J5��5����/actobacilluVíJaVVHriíATCCí�����

A&9��������$WRSRELXPíSDUYXOXmí'60í�����

C$,��������/DFWRbaFLOOXVíVDNHLíVXEVS�íVDNHLí��.

CA5��������/DFWREDFLOOXVíUKDPQRVXVí**

AC=��������6WUHStobacilluVímRQLOLIRUPLVí'60í12112

AC9����5.1�$QDHURFRFFXVíSUHYRWLLí'60í�����

$%9��������6WUHSWRFRFFXVíJRUGRQLLíVWU�í&KDOOLVíVXEVWU�í&+1

C%J2��91.1�6trHStococcuVímLWLVí%6

$&$��������6WUHSWRFRFFXVíSQHXPRQLDHí+XQJDU\��$í�

$$.��������6WUHSWRFRFFXVíSQHXPRQLDHí7,*5�

$$7��������8QNQRZQ

$&2��������6WUHSWRFRFFXVíSQHXPRQLDHí3����

AAK99�4�.1�6WUHStococcuVíSQHumoQiaHí56

AC22�46�.1�6trHStococcuVíSQHumoQiaHíTaiwaQ19)í14

&$5��������6WUHSWRFRFFXVíVXLVí3��

$$/��������6WUHSWRFRFFXVíS\RJHQHVí0
*$6����

%$&��������6WUHSWRFRFFXVíS\RJHQHVí66,í�

C$0
��������6WUHSWRFRFFXVíS\RJHQHVíVWU�í0

DQIUHGR

AA.��������6WUHSWRFRFFXVíS\RJHQHVí0
1í*$6

AC,��������6WUHSWRFRFFXVíS\RJHQHVí1=1��

CA:
94�61.1�6tUHStococcuVíHquLíVubVS�íHquLí4�4�

&$:
��������6WUHSWRFRFFXVíHTXLíVXEVS�í]RRHSLGHP

LFXV

CAZ55��2.1�6trHStococcuVíVuLVí%0
4��

CAZ5�946.1�6WUHStococcuVíVuLVí6C�4

$&=��������6HEDOGHOODíWHUP
LWLGLVí$7&&í�����

$&=��������6HEDOGHOODíWHUP
LWLGLVí$7&&í�����

$%-��������/DFWRFRFFXVíODFWLVíVXEVS�íFUHP
RULVí6.�1

$%-��������/DFWRFRFFXVíODFWLVíVXEVS�íFUHP
RULVí6.��

AAK�55��.1�/actococcuVílacWLVíVubVS�ílacWLVí,O�4��

ADA6524�.1�/actococcuVílacWLVíVubVS�ílacWLVíK)14�

C%,�264�.1�6WUHStococcuVíJalloO\ticuVíUC1�4

CAQ
6����.1�/actobacilluVícaVHLí%/2�

ACT6���5.1�/actobacilluVíSlaQtarum
íJD0

1

%A+�2��1.1�6WUHStococcuVíd\VJalactiaHíVubVS�íHquLVim
LOLVí*

*
6 124

A%)�4494.1�6WUHStococcuVíS\oJHQHVí0
*

A61�2��

AAX�2464.1�6WUHStococcuVíS\RJHQHVí0
*

A661��

CA:
9��44.1�6WUHStococcuVíHquLíVubVS�íHquií4�4�

AC*
62������6WUHSWRFRFFXVíHTXLíVXEVS�í]RRHSidHm

LFXVí0
*

C6����5

CA:
��������6WUHSWRFRFFXVíHTuiíVXEVS�í]ooHSidHm

LFXV
A%5�66�5.1 CloVtridium

íbHLMHrLQcNLLí1C,0
%í��52

%$%��������&ORVWULGLXP
íSHUIULQJHQVíVWU�í��

$%*
�5541.1 CORVWULGLXP

íSHUIULQJHQVí60
���

$%*
��������&ORVWULGLXP

íSHUIULQJHQVí$7&&í�����

C%/�9�49.1 buW\raWHíSroducLQJíbacWHrium
í66C2

AC%912�9.1�6trHStococcuVíSQHum
oQiaHíC*

6P14

AC2
1�1��.1�6trHStococcuVíSQHum

oQiaHí��5�5

AD*
����2.1�%rach\VSiraím

urdochLLíD60
í1256�

$&=��������6HEDOGHOODíWHUP
LWLGLVí$7&&í�����

$&,��������.OHEVLHOODíSQHXP
RQLDHí���

$%5��������.OHEVLHOODíSQHXP
RQLDHíVXEVS�íSQHXP

RQLDHí0
*+í�����

ADC56925.1 KOHbVLHllaíYariicolaíAWí22

C%+2�������/LVWHriaíVHHOLJHULíVHURYDUí12bíVWU�í6/&
C��54

A$0
2������ TKHrm

oDQDHUREDFWHUíWHQJcoQJHQVLVí0
%4

A%Y915�4.1 ThHrm
oaQaHrobacWHríVS�íX514

A%5
�59�1.1 C

loVtridium
íbHLMHriQcNiií1

C
,0
%í��52

AC
Z1��42.1�6HbaldHllaíWHrm

itidLVíATC
C
í����6

&
%+

��������/LVWHULDíVHHOLJHULíVHURYDUí��EíVWU�í6/&
&
����

&
$&

��������/LVWHULDíLQQRFXDí&
OLS�����

1
3����������/LVWHULDíP

RQRF\WRJHQHVí(*
'
íH

$'
%��������/LVWHULDíP

RQRF\WRJHQHVí��í����

&
$.��������/LVWHULDíZ

HOVKLP
HULíVHURYDUí�EíVWU�í6/&

&
����

$$7��������/LVWHULDíP
RQRF\WRJHQHVíVHURW\SHí�EíVWU�í)����

&
$6��������/LVWHULDíP

RQRF\WRJHQHVíVHURW\SHí�EíVWU�í&
/,3í�����

A%2
6�111.1�*

HobacilluVíthHrm
odHQLWULILFaQVí1

*
��í2

AC
E���6��1�*

HobacilluVíVS�íTC
í6�

%AD
�6141.1�*

HobacilluVíNauVtoShiluVí+
TA426

AC
X�9255.1�*

HobacilluVíVS�íY4120
C

61

AC
Q
���12.1 E[LJuobacWHrium

íVS�íAT1b

AA0
�455����%acilluVíSXm

iluV

$%9��������%DFLOOXVíSXP
LOXVí6$)5

í���

AAU
414��.1�%acilluVíOLFKHQLIRrm

LVíD
60

í��í íATC
C
í�4���

%$%��������%DFLOOXVíKDORGXUDQVí&
í125

A%6�5919.1�%acilluVíam
\loliquHIacLHQVí)Z%42

%AA19���.1�%acilluVíVubWLOLV

%A,�4�96.1�%acilluVíVubWLOLVíVubVS�íQattoí%E6T195

%$'
��������%DFLOOXVíFODXVLLí.60

í.��

%$'
��������%DFLOOXVíFODXVLLí.60

í.�6

%AC
14�19.1�2

FHaQRbacilluVíihH\HQVLVí+
TE���

C
%+

266��.1�/LVtHriaíVHHOLJHrLíVHroYarí12bíVtr�í6/C
C
�954

C
AC

95�15.1�/LVWHriaíLQQocuaíC
OLS11262

C
AK1995�.1�/LVWHriaíw

HOVhim
HrLíVHroYarí6bíVtr�í6/C

C
5��4

AD
%��446.1 /LVtHriaím

oQoc\toJHQHVí��í592�

AC
K4��96.1�/LVWHriaím

oQoc\toJHQHVí+
C

C
2�

AAT����5.1 /LVtHriaím
oQoc\toJHQHVíVHroW\SHí4bíVtr�í)2�65

AC
,�21�2.1 KOHbVLHllaíSQHum

oQiaHí�42

C
A*

2��51.1 PhotobacWHrium
íSroIXQdum

í669

C
A/��������<HUVLQLDíHQWHURFROLWLFDíVXEVS�íHQWHURFROLWLFDí����

%A%��������6HUUDWLDíP
DUFHVFHQV

A%9��������6HUUDWLDíSURWHDP
DFXODQVí���

A%P5��26.1 EQWHrobacWHUíVS�í6��

AD
)59616.1 EQWHrobacWHUícloacaHíVubVS�ícloacaHíATC

C
í1��4�

C
%K�4��9.1 EQWHrobacWHUícloacaHíVubVS�ícloacaHí1

C
TC

í9�94

&
$/��������<HUVLQLDíHQWHURFROLWLFDíVXEVS�íHQWHURFROLWLFDí���1

$'
'
��������3DQWRHDíDQDQDWLVí/0

*
í�����

C
%
*

26��6.1�6alm
oQHllaíHQWHricaíVubVS�íHQWHricaíVHroYaUíT\Shim

urium
íVtr�íD

2�5��

&
$
5
��������6

DOP
RQHOODíHQWHULFDíVXEVS�íHQWHULFDíVHURYDUí*

DOOLQDUXP
íVWU�í�����

&
$
5
��������6

DOP
RQHOODíHQWHULFDíVXEVS�íHQWHULFDíVHURYDUí3

DUDW\SKLí$
íVWU�í$

.
8
������

AC
+

495�6.1�6
alm

oQHllaíHQWHricaíVubVS�íHQWHricaíVHroYaUíA
JoQaíVWU�í6

/4��
&
%*

��������&
LWUREDFWHUíURGHQWLXP

í,&
&
���

C
A

Q
91�92.1 E

VchHrichiaíIHUJuVoQLLíATC
C
í�5469

AC
T11�9�.1 PHctobacWHrium

ícarotoYorum
íVubVS�ícarotoYorum

íPC
1

$%/��������3HFWREDFWHULXP
íFDURWRYRUXP

íVXEVS�íFDURWRYRUXP

&
$*

��������3HFWREDFWHULXP
íDWURVHSWLFXP

í6&
5
,����

$&
;��������3HFWREDFWHULXP

íZ
DVDELDHí:

33���
&
%$��������&

URQREDFWHUíWXULFHQVLVí]����

A%U
��2��.1 C

roQobacWHríVaNa]aNLLíATC
C
í%AAí�94

$&
4
��������7ROXP

RQDVíDXHQVLVí'
60

í����

$%2
��������$HURP

RQDVíVDOP
RQLFLGDíVXEVS�íVDOP

RQLFLGDí$���

C%/����6.1 EQWHroFRFFXVíVS�í�/��

A%D�����.1�6accharoSKDJXVíGHJUadaQVí�í��

AAP5����.1 TrichoGHUmaíUHHVHi

AC2�����.1 Talarom\FHVíIXQLFXORVXV

%AE6�19�.1 AVSHUJilluVíor\]aHí5,%4�

CAP919�2.1 PHQicilliumíchr\VoJHQumí:LVcoQVLQí54í1255

AA/�4��4.2�5aVamVRQiaíHmHUVRQii

CAP94�5�.1 PHQicilliumícKU\VRJHQumí:LVcoQVLQí5�í1255

&$.��������$VSHUJLOOXVíQLJHr

%$(��������$VSHUJLOOXVíRU\]DHí5,%��

;3����������+XPLFRODíJULVHDíYDU�íWKHUPRLGHD

&$3��������3RGRVSRUDíDQVHULQDí6íPDW�

%$$��������+XPLFRODíJULVHDíYDU�íWKHUPRLGHD

$$;��������0DJQDSRUWKHíJULVHD

$%1��������7ULFKRGHUPDíKDU]LDQXP

%AA�4959.1 TrichodHrmaíUHHVHi

AAQ21��4.1�+\SocrHaíruID

AA)�42�9.2 AVSHUJilluVíQLJHr

$&=��������7ULFKRGHUPDíORQJLEUDFKLDWXP

%AE�����.1 PhaQHrochaHWHíchU\VoVSorium

%AE�����.1 PhaQHrochaHWHíchU\VoVSorium

CAC��1��.1�+omoíVaSLHQV
AA/25999.1 %rHYicor\QHíbraVVicaH

AA/4��6�.1 5h\SarobiaímadHraH
C%D2�469.1�2U\]aíVaWLYaíJaSoQicaí*rouS

AA1�1�54.1�2U\]aíVaWLYaíJaSoQicaí*rouS

CAC���9�.1�5auYoOILDíVHUSHQWLQa

P������6LQDSLVíDOED
$%9��������7ULIROLXPíUHSHQV

AC+115�2.1 UQNQowQ
%AE92259.1 TriticumíaHVtiYum

AAC491��.1�6orJhumíbicolor

AAA65946.1 ZHaíma\V

&$$��������3DQWRHDíDJJORPHUDQV

A%:
����2.1 CDOGLYLUJDím

DTXLOLQJHQVLVí,&í���

%$%��������7KHUP
RSODVP

DíYROFDQLXP
í*

66�

AAY�1155.1�6uOIRlobuVíacidocaldariuVíD60
í6�9

CAA�4��4.1�6uOIRlobuVíVoOIDtaricuV

A%:
�125�.1 CaldLYirJaím

aquLOLQJHQVLVí,&í16�

AAA�2�4�.1�6uOIolobuVíVoOIataricuV

AAD21�94.1�6uOIolobuVíVoOIataricuVí9�2

ACP�9�66.1�6uOIolobuVíLVOaQdicuVí0
.14.25

AAA�9���.1�6uOIROobuVíVhibataH

&$&��������7KHUP
RSODVP

DíDFLGRSKLOXP

$$7��������3LFURSKLOXVíWRUULGXVí'60
í����

AD*
91��9.1 ThHrm

oVShaHraíaJJrHJaQVíD60
í114�6

AAD4�1��.1 ThHrm
oVShaHraíaJJrHJaQVíD60

í114�6

AC6�94��.1 ThHrm
ococcuVíVibiricuVí0

0
í��9

AA/��19�.1 P\rococcuVíIXrioVuVíD60
í�6��

A&0
942�����8QNQRZQ

AC0
94262.1 UQNQRZQ

$%9��������7KHUP
RWRJDíOHWWLQJDHí70

2

$%9��������7KHUP
RWRJDíOHWWLQJDHí70

2

A%6614�1.1�)HUYidobacWHrium
íQodoVum

í5t1�í%1

ACJ�52��.1 ThHrm
oVLShoíaIULFaQuVíTC)52%

$%/��������7KHUPRILOXPíSHQGHQVí+UNí�

%$%��������6XOIROREXVíWRNRGDLLíVWU�í�

$%/��������7KHUPRILOXPíSHQGHQVí+UNí�

AA/����2.1 P\URFRFFXVíIXULRVXVí'60
í����

$%<��������XQFXOWXUHGíEDFWHULXP

&$%��������3\URFRFFXVíDE\VVLí*(5

&$+��������7KHUP
RFRFFXVíFKLWRQRSKDJXV

&$+��������7KHUP
RFRFFXVíFKLWRQRSKDJXV

A$7��������8QNQowQ

C$+�����.1 TKHUP
ocRFFXVíVS�

$&6��������7KHUPRFRFFXVíVLELULFXVí00í���

%AA���1�.1 ThHrm
ococcuVíNodaNaUHQVLVíK2D1

CA%5�44�.1 P\rococcuVíab\VVLí*E5

$$/��������3\URFRFFXVíIXULRVXVí'60
í����

%$$��������3\URFRFFXVíKRULNRVKLLí27�

$%)��������0
\[RFRFFXVí[DQWKXVí'

Kí���2

AC
,�1�65.1 ThHrm

odHVuOIRYibrioí\Hllow
VtoQiiíD

60
í11�4�

AC
5
��������.RVP

RWRJDíROHDULDí7%)í19.5.1

A%:
�2�6�.1 C

aldLYirJaím
aquiliQJHQVLVí,&

í16�

A%1
��4�2.1�6taSh\lothHrm

uVím
aULQuVí)1

AC
/1�5�9.1 D

HVuOIurococcuVíNam
chatNHQVLVí1221Q

C
AA941��.1 ThHrm

ococcuVíVS.

AD
D
���4�.1 AciduOLSroIXQdum

íbooQHLíT469

C
A+

6�6��.1 ThHrm
ococcuVíalcaOLShiluV

19))A P\rococcuVí+
oULNoVhii

AA/��566.1 P\rococcuVíIXrioVuVíD
60

í�6��

%AD
�6�16.1 ThHrm

ococcuVíNodaNarHQVLVíK2
D

1

AC
6�9645.1 ThHrm

ococcuVíVibiricuVí0
0
í��9

AC
,�����.1 D

LFW\oJlom
uVíthHrm

oShilum
í+

í6í�2

AC
K41�62.1 D

icW\oJlom
uVítuUJidum

íD
60

í6�24

C
A1

94�6�.1�6oraQJium
ícHlluloVum

í6oícH56

AC
Y1�55�.1�+

aliaQJium
íochracHum

íD
60

í14�65

A%)��������C
DQGLGDWuVí.oULEDFWHUíYHUVaWLOLVíEOOLQ���

A%U
��������5

RVHLIOH[XVíFDVWHQKoO]LLíD
60

í����1

A%Q
91����1�5

RVHLIOH[XVíVS�í5
6í1

$%1
��������&

ORVWULGLXP
íWKHUP

RFHOOXP
í$7&

&
í�����

$&
/��������+

DORWKHUP
RWKUL[íRUHQLLí+

í���

&
5
����&

RZ
�5
XP

HQ

C
AQ

��96�.1 C
RU\QHbacWHrium

íuUHaO\ticum
íD

60
í�1�9

C
5
��2 C

ow
�5

um
HQ

C5��� Cow�5um
HQ

C5��6 Cow�5um
HQ

C5��� Cow�5um
HQ

C5����Cow�5um
HQ

A%-���56.1 CDQdidDWXVí6olibacWHUíXVitaWXVí(OOLQ���6

A%Y�����.1 ChORURIOH[XVíDXUDQWLDcuVí-í��íIO

A%:
14�2�.1�)raQNiaíVS�íEA1

1SHc

C
AJ��2�2.1�6WUHStom

\cHVíam
boIDcLHQVíATC

C
í2����

C
AA52�44.1�6trHStom

\cHVírochHi

%$*
��������6WUHSWRP

\FHVíJULVHXVíVXEVS�íJULVHXVí1
%5

&
í�����

$'
%��������%LILGREDFWHULXP

íGHQWLXP
í%G�

%$)��������%LILGREDFWHULXP
íDGROHVFHQWLVí$7&

&
í�����

&
$1

��������&
ODYLEDFWHUíP

LFKLJDQHQVLV

$%6��������.LQHRFRFFXVíUDGLRWROHUDQVí65
6�����

AC5�9�4�.1 KoVmotoJaíoOHariaíT%)í19.5.1

A%661���.1�)HUYidobacWHriumíQodoVumí5t1�í%1

AA16�22�.1�)HUYidobactHriumíVS�íY1P

&$+��������7KHUPRWRJDíVS.

$%5��������7KHUPRVLSKRíPHODQHVLHQVLVí%,��9

ACJ�6�49.1 ThHrmoVLShoíaIULFaQuVíTC)52%$%;��������3HWURWRJDíPRELOLVí6-��

$&0��������7KHUPRWRJDíQHDSROLWDQDí'60í����

ADA��������7KHUPRWRJaíQDSKWKRSKLODí5.Uí��

AC%��������7KHUPRWRJDíVS�í5Q2

�-��$ TKHrmRWRJDí0aritima

$&/��������+DORWKHUPRWKUL[íRUHQLLí+í���
&$$��������&ORVWULGLXPíWKHUPRFHOOXPí$7&&í�����
AAQ��99�.1 CloVtridiumíFHlluloYoraQV
AC05959�.1 CaldicHlluloVLUXStoUíbHVcLLíD60í6�25
&$$��������&DOGLFHOOXORVLUXSWRUíVDFFKDURO\WLFXV

$%3��������&DOGLFHOOXORVLUXSWRUíVDFFKDURO\WLFXVí'60í����

AC,�99��.1 DicW\oJlomuVíthHrmoShilumí+í6í12
$&.��������'LFW\RJORPXVíWXUJLGXPí'60í����

C5 19 Cow�5umHQ%AA�616�.1�%acilluVíVS.$'&��������%DFLOOXVíSVHXGRILUPXVí2)�%$%��������%DFLOOXVíKDORGXUDQVí&í���$$$��������%DFLOOXVíFLUFXODQVíVXEVS�íDONDORSKLOXVAAA2226�.1 PaHQibacilluVíSoO\m\[a%AE4��1�.1 PaHQibacilluVíVS�í+C1

AAZ�1��9.1 Alic\clobacilluVí
acidocaldariuV

AC95�9��.1 Alic\clobacilluVí
acidocaldariuVíV

ubVS.íacidocaldariuVíD60í
446

ACY25���.1 E[LJX
REDFW

HULXmíVS�í
A��1

ACQ�11�6���([
LJuoEDFW

HULXmíVS�í
$T1b

AA0��
������

7KHUP
RDQDH

UREDFW
HUíWHQ

JFRQJ
HQVLVí

0%�

ADD����
����7K

HUPRD
QDHURE

DFWHUí
LWDOLFXV

í$E�

CAA9122�.1 ThHrmoaQaHrobacWHríbrocNii

A%Y9555�.1 ThHrmoaQaHrobacWHUíS
VHudHthaQolicuVíATCCí��22�

ADD251��.1 ThHrmoaQaHrobacWHríHthaQolicuV
ACJ�4�1�.1 AQo[\bacilluVí

IOaYith
HrmuVí:

K1

AAA22264.1 PDHQ
LEDcilluVíS

RO\m\[D
$%;�

����
���+H

USHWR
VLSKR

QíDX
UDQWLD

FXVí
'60

í���

A%,�
��5�.1 uQcultuUHdíbacWHULu

m

A%Y�4���
.1 ChloroIOH[

XVíauraQtiacuVíJí1�íIO

AC/25644.1 ChloroIOH[
uVíaJJUH

JaQVí
D60

í94�5

A%
U

56
65

1.
1 
5

oV
HL
IOH
[u
Ví

ca
VW
HQ

ho
O]
LLí

D
60

í1
�9

41

A%
Q

91
96

9.
1 
5

oV
HL
IOH
[u
Ví
VS
�í
5
6í

1

A%
)�
�2
�2

.1
�0
\[

oc
oc

cu
Ví
[a
Qt

hu
Ví

D
Kí

16
22

A%
X�

5�
41

.1
 +
Hr
SH

to
VL
Sh

oQ
ía

ur
aQ

tia
cu
Ví

D
60

í�
�5

C
A1

94
46
�.

1 
6o

ra
QJ

iu
m
íc
Hl

lu
lo
Vu

m
í6

oí
cH

56

A%
D

6�
�5

2.
1�
5

ho
do
IH

ra
[í
IH
UUL
UH

du
cH
QV
íT

11
�

AD
D

2�
�6

6.
1�
0
Hi

ot
hH

rm
uV
ír

ub
HU
íD

60
í1

2�
9

AC
Z4

2�
45

.1
 T

hH
rm

ob
ac

ul
um

íW
HU
UH
Qu

m
íA

TC
C
í%

AA
í�

9�

AC
0
�6
�9

5.
1 

Th
Hr

m
om

ic
ro

bi
um

ír
oV
Hu

m
íD

60
í5

15
9

$%
6�

��
��
��
�2
FK
UR
ED
FW
UX
P
íD
QW
KU
RS
Lí
$7

&
&
í�
��
��

$'
%�

��
��
��
�.
ULE
EH
OOD
íI
OD
YL
GD
í'

60
í�
��
��

%$
*
��
��
��
��
6W
UH
SW
RP

\F
HV
íJ
ULV
HX
Ví
VX
EV
S�
íJ
ULV
HX
Ví
1
%5

&
í�
��
��

C
A-
��
��
��
��
6W
UH
SW
RP

\F
HV
íD
P
ER
ID
FL
HQ
Ví
$T

C
&
í�
��
��

%$
&
��
��
��
��
6W
UH
SW
RP

\F
HV
íD
YH
UP
LWL
OLV
í0

$í
��
��

C
AD

��
��
��
��
6W
UH
SW
Rm

\F
HV
íF
RH
OLF
RO
RU
í$

��

$$
)�
��
��
��
�7
KH
UP
XV
íQ
RQ
SU
RW
HR
O\
WLF
XV

A%
:
��
��
�.

1 
Th
Hr

m
uV
ít

hH
rm

oS
hi

lu
V

AA
1
�5

44
�.

1 
Th
Hr

m
uV
íI
LOLI
Rr

m
LV

AA
2

15
�6

1.
1 

TK
Hr

m
uV
íc

al
do
SK

ilu
V

%$
$�

��
��
��
�7
KH
UP
XV
íV
S�
í=

í�
$$

'
��
��
��
��
7K
HU
P
XV
íW
KH
UP
RS
KL
OX
V

A%
,�

59
�4

.1
 T

hH
rm

uV
ít

hH
rm

oS
hi

lu
V

AA
1
�5

44
2.

1 
Th
Hr

m
uV
íV
S�
í,
%í

21

�8
*
�$

��7
KH
UP
XV
í7

KH
UP
RS
KL
OX
V

$$
1
��
��
��
��
7K
HU
P
XV
íV
S�
í,
%í

�1

AC
0
��
��

1.
1 

AJ
Uo

ba
FW
Hr

iu
m
ír

ad
io

ba
cW
HU
íK

�4

AC
65

�9
44

.1
�5

hL
]o

bi
um

íO
HJ

um
LQ

oV
ar

um
íb
Y�
ít
ULI

oO
LLí
:
60

1�
25

C
AK

�9
65
�.

1�
5

hL
]o

bi
um

íO
HJ

um
LQ

oV
ar

um
íb
Y�
íY

ic
ia
Hí
��

41

AC
,�

66
��

.1
�5

hL
]o

bi
um

íO
HJ

um
LQ

oV
ar

um
íb
Y�
íW
ULI
Rl

iií
:
60

2�
�4

A%
C

92
�9

5.
1 
5

hL
]o

bi
um

íH
WOL
íC

)1
í4

2

AC
E9

2�
4�
��
�5

hL
]o

bi
um

íH
WOL
íC

,$
Tí

65
2

AA
K�
�9

5�
.2

 A
Jr

ob
ac
WH

riu
m
íI
Db

ru
m
íV
WU�
íC

5�

$$
$�
��
��
��
�$
JU
RE
DF
WH
ULX
P
íV
S.

$&
0
��
��
��
��
$J
UR
ED
FW
HU
LX
P
íY
LWL
Ví
6�

$&
3�
��
��
��
�6
LQ
RU
KL
]R
EL
XP

íI
UH
GL
Lí
1
*
5
��
�

$%
5
��
��
��
��
6L
QR
UK
L]
RE
LX
P
íP

HG
LF
DH
í:

60
��
�

&
$&

��
��
��
��
6L
QR
UK
L]
RE
LX
P
íP

HO
LOR
WLí
��
��

$&
%�
��
��
��
�/
HS
WR
WK
UL[
íF
KR
OR
GQ
LLí
63

í�

$&
&
��
��
��
��
%X
UN
KR
OG
HU
LD
íS
K\
P
DW
XP

í6
70

��
�

$'
*
��
��
��
��
%X
UN
KR
OG
HU
LD
íV
S�
í&

&
*
(�
��
�

A%
E�
�9
��

.1
�%

ur
Nh

ol
dH

ria
í[
HQ

oY
or

aQ
Ví
/%

4�
�

AC
D

2�
22
�.

1�
%u
UN

ho
ld
Hr

ia
íS

h\
to
ILr

m
aQ
Ví

PV
J1

C
A9

2�
5�

1.
1�
9i

br
io
íV
SO
HQ

di
du
Ví
/*

P�
2

A%
U�

��
��
��
�9
LE
ULR
íK
DU
YH
\Lí

AT
CC

í%
AA

í1
11

6

%A
C9

61
5�
��
�9
LE
ULR
íY
XO
QL
ILF
XV
íY
-�

16

AA
2
��
��
��
��
9i

bU
LR
íY
XO
QL
ILF
XV
í&

0
C

P6

A%
5�
��
��
��
�0
DU
LQ
Rm

oQ
DV
íV
S�
í0

:
Y/

1

A%
/�

96
��

.1
�6
KH

wa
QH

lla
ía

m
D]
RQ
HQ
VLV
í6
%�
%

AD
D9

6�
62

.1
 u
Qc

ul
tu
UH

dí
ba

ct
Hr

iu
m

AA
Z2

59
��

.1
 C

ol
wH

llia
íS
V\

ch
UH

r\
th

ra
Ha
í�

4+

AC
J2
�4

12
.1
�6

hH
wa
QH

lla
íS
LH
]o

to
OH

ra
QV
í:

P�

%A
J�

14
94

.1
 6

hH
wa
QH

lla
íY

io
la

cH
aí

D6
61

2

AC
A�

54
4�

.1
�6

hH
wa
QH

lla
íw

oo
d\
Lí

AT
CC

í5
19
��

$%
;�
��
��
��
�6
KH
ZD
QH
OOD
íE
DO
WLF
Dí
2
6�
��

$%
1�
��
��
��
�6
KH
ZD
QH
OOD
íE
DO
WLF
Dí
2
6�
��

A%
6�
��
��
��
�6
KH

wD
QH
OOD
íE
DO
WLF
Dí
2
6�
��

AC
K�
��
��
��
�6

hH
ZD
QH
OOD
íb

al
tic

aí
2
6�
��

A%
,�

11
69

.1
�6

hH
wa
QH

lla
íI
ULJ

id
im

ar
iQ

aí
1C

,0
%í

4�
�

$%
(�
��
��
��
�6
KH
ZD
QH
OOD
íG
HQ
LWU
LILF
DQ
Ví
2
6�
��

A%
D�

��
56
��
�6

ac
FK
DU
RS
KD
JX
Ví
GH
JU
Dd

aQ
Ví
�í
��

AC
Y�

9�
�2

.1
 u
Qc

ul
tu
UH
Gí

ba
cW
Hr

iu
m

AC
*

6�
��
�.

1 
Al

tH
ro

m
oQ

aV
ím

ac
OH

od
LLí

’D
HH
Sí
Hc

oW
\S
H’

AC
2

44
�5

2.
1 

D
HL
Qo

co
cc

uV
íd
HV
Hr
WLí
9C

D
11

5

A%
)4

42
91

.1
 D
HL
Qo

co
cc

uV
íJ
Ho

th
Hr

m
aO
LV
íD

60
í1

1�
��

$%
'
��
��
��
��
5
KR
GR
IH
UD
[í
IH
UUL
UH
GX
FH
QV
í7
��
�

$%
&
��
��
��
��
+
DK
HO
OD
íF
KH
MX
HQ
VL
Ví
.C

TC
í�
��
�

C
%$

��
��
��
��
&
XU
YL
ED
FW
HU
íS
XW
DW
LY
Hí
V\

m
EL
RQ
Wí
RI
í+

\G
UD
íP

DJ
QL
SD
SL
OOD
WD

AD
*
��
��
��
��
%X

UN
Ko

ld
Hr

ia
íV
S�
íC

C
*

E1
��

2

AA3
���

���
��&

ODY
ibaFW

HUí
mLF

KLJ
DQH

QVL
V

C%
*�
���

���
�6W
UHS

tom\
FHV

íVF
DEL
HLí
���
�2

&$
4�
���

���
�&OD

YLE
DFW
HUí

PLF
KLJ
DQH

QVL
VíV

XEV
S�í

VHS
HGR

QLF
XV

&$
1�
���

���
�&OD

YLE
DFW
HUí

PLF
KLJ
DQH

QVL
V

%$
$�
���

���
�%LI

LGR
EDF

WHUL
XP
íEU

HYH

$&
/��

���
���%

LILG
RED

FWH
ULXP

íDQ
LPD

OLVí
VXE

VS�
íOD
FWLV

í$'
��1

$'
&�
���

���
�%LI

LGR
EDF

WHUL
XP

íDQ
LPD

OLVí
VXE

VS�
íOD
FWLV

í%%
í��

$&
-��

���
���%

LILG
RED

FWH
ULXP

íOR
QJX

Pí
VXE

VS�
íLQ
IDQ

WLVí
$7
&&

í��
���

í í
-&0

í��
��

AD%
���

�9.1�%
LILGo

bacWH
riumí

dHQ
tiumí

%d1

C%
K�1

521.1�%
LILGo

bacWH
riumí

SVH
udocaWH

Qulatumí
D2CA

$&
=�
���

���
�;\

ODQ
LPR

QDV
íFH

OOXO
RVL
O\WL
FDí

'6
0í
���

��

$&
=�
���

���
�6D

QJX
LED
FWH
UíN
HGG

LHLL
í'
60

í��
���

AC9
���

���
��-
RQH

VLD
íGH

QLWU
LILF
DQV

íD
60

í��
���

$&
9�
���

���
�1D

NDP
XUH

OODí
PX
OWLS
DUW
LWDí

'6
0í
���

��

AD*
��9

�9.1 CH
llulomoQa

VíI
ODY
LJH
Qaí

D6
0í

2�1
�9

ACT�
�49�.

1�%
LILG

obactH
riumí

brHY
Hí

UCC2��
�

$%
6�
��
��
���
.LQ
HR
FRF

FXV
íUD

GLR
WROH

UDQ
Ví6

56
��
��
�

$&
<�
��
��
���
7K
HUP

RP
RQ
RVS

RUD
íFX

UYD
WDí
'6
0í
��
��
�

%$
*2�

�4
4��
�6W
UHS

tom\
FH
Ví
JUL
VH
XV
íV
XE
VS
�íJ
ULV
HX
Ví
1%
5&
í�
��
��

CAA�
��
��

.1�
6WU
HS
WRm

\FH
Ví
VS
�

&%
*�
�4

5�
���
6WU
HS

tom\
FH
Ví
VFa

bLH
Lí�
�.2

2

CAC164�
�.1
�6trH

Sto
m\

cHV
íc

oH
lico

loríA
�2

CAJ�9
56�

.1 6trH
Sto

m\
cHV

ía
mboID

cLH
QVí

ATCCí
2�
��
�

$'
'�
��
��
���
6WU
HS
WRP

\FH
Ví
FDF

DR
LíV
XE
VS�
íF
DFD

RL

&$
&�
��
��
���
6WU
HS
WRP

\FH
Ví
FRH

OLFR
ORU
í$
��

&%
*�
��
��
���
6WU
HS
WRP

\FH
Ví
VFD

ELH
Lí�
���
�

%$
&�
��
��
���
6WU
HS
WRP

\FH
VíD

YHU
PLW
LOLV
í0
$í
��
��

%A*
2156�

.1�
6trH

Sto
m\

cHV
íJ

rLVH
uVí

VubVS
�íJ

rLVH
uVí

1%
5Cí

1�
�5
�

A%
.�
��
��
�� 

Acid
RWK
HUP

XV
íF
HOOX

ORO\
WLFX

Ví
��
%

ACU�
��
��
�� 

CD
WHQ

uOLV
SR
UDí
DF
LGLS

KLOD
íD
60
í�
�9

2�

$&/�
����

���$U
WKURE

DFWHU
íFKOR

URSK
HQROL

FXVí
$6

$&=
����

����;
\ODQL

PRQD
VíFH

OOXORV
LO\WLFD

í'6
0í�

���4

$&9
����

����-
RQHV

LDíGH
QLWULIL

FDQV
í'6

0í�
����

$&=�
����

���6D
QJXLE

DFWHU
íNHG

GLHLLí
'60

í���
�2

$&0
����

����0
LFURF

RFFX
VíDQ

WDUFW
LFXV

$%0
����

����$
UWKUR

EDFW
HUíD

XUHV
FHQV

í7&
1

$&4
����

����%
HXWH

QEHU
JLDí

FDYH
UQDH

í'6
0í�

����

ACU�5��6.1 AcWLQoV\Q
QHmaímirumíD60

í4��2�

ACY14��
����

+DOL
DQJ

iumíR
chUDF

HXmí'
60í

���
��

ACU��
���.1 CDW

HQXO
LVSR

UDíacidLShilaíD60
í449��

%A*�
����

���6
WUHS

WRP\
FHVí

JULVH
XVíV

XbVS�
íJULV

HuVí1
%5Cí�

����

AD%�
429�.1 KribbHllaíI

ODYid
aíD60

í1���
6

ACU�56�2.1 AcWLQoV\Q
QHmaímirumíD60

í4��2�

A%:
14��

����
)raQN

LaíV
S�íEA1�

SHF

ACY9��
��.1 ThHrmomoQoVS

oraícuUYa
taíD60

í4�1��

ADD45�99.1�6
tacNHbraQdtiaí

QaVVD
uHQ

VLVí
D60

í44�2�

AD*�
�6�6.1 ThHrmobLVS

RraíbLVS
oraíD60

í4��
��

ACZ�6244.1�6
WUHS

WRVS
RraQJ

LXPí
roVH

XmíD60
í��

��1

AD%�
42�2.1 KribbHllaí

IOaY
idaíD60

í1��
�6

A%9
9�4�5.1�6

aOLQ
LVSoraíaUHQ

icolaíC16
í2�5

A%P54�26.1�6
aliQLV

SoraítroS
icaíC1%

í44�

A%K�1�29.1�0
\cobacWHr

iumíV
mHJ

matiVí
Vtr�í

0C2í155

AA)�
���

�.1 ThHrmobLILG
aíIX

Vca
CA0

�46�6
.1 6accharoS

oO\V
Soraí

Hr\
thraH

aí1
55

/í2��
�

$%P5��
���

��6
DOLQ

LVSR
UDí

WURS
LFDí

&1
%í�

��

A%9
���

���
��6

DOLQ
LVSR

UDí
DUH

QLFR
ODíC1

6í�
��

ACZ��
���

���6
WUHS

WRVS
RUD

QJLX
Pí

URV
HXP

íD6
0í

���
21

$&=
���

����
�6WU

HSWR
VSR

UDQ
JLXP

íUR
VHX

Pí'
60

í��
���

$$$
���

����
�7K

HUP
RELV

SRU
DíE

LVSR
UD

$'*
���

����
�7K

HUP
RELV

SRU
DíE

LVSR
UDí

'60
í��

���

AD%
52696.1 CoQH

[ibactHrí
woHV

Hií
D6

0í
146�4

A%
*�

4991.1�5
ubrobactHrí

[\la
QoS

hiluV
íD6

0í
9941

AC
Z�

92
�5

.1
�6

trH
St

oV
So

ra
QJ

iu
m
ír

oV
Hu

m
íD
60

í4
��

21

AD
*
�9
��
�.

1 
Th
Hr

m
ob
LVS

or
aí

bL
VS

or
aí

D6
0
í4
��
��

AA
Z5

56
64

.1
 T

hH
rm

ob
LIid

aí
Iu
Vc

aí
YX

CA
J9
��

4�
.1
�6
WUH
St

om
\c
HV
ía

m
bo
ID

cLH
QV
íA

TC
Cí

2�
��
�

CA
%9

52
��

.1
�6

trH
St

om
\c
HV
íc

oH
lic

ol
or
íA
�2

AC
=�
��
��
��
�7
KH
UP
RP

RQ
RV
SR
UD
íF
XU
YD
WD
í'
60

í�
��
��

$&
8�
��
��
��
�&
DW
HQ
XOL
VS
RU
Dí
DF
LGL
SK
LOD
í'
60

í�
��
��

$'
*�
��
��
��
�7
KH
UP
RE
LVS
RU
Dí
ELV
SR
UD
í'
60

í�
��
��

AC
Z�
��
��

.1
�6
WUH
SW
RV
SR
Ua
QJ
LXP

íU
RV
HX
P
í'
60

í4
��
��

%$
*�
��
��
��
�6
WUH
SW
RP

\F
HV
íJ
ULV
HX
Ví
VX
EV
S�
íJ
ULV
HX
Ví
1%

5&
í�
��
��

$'
'�
��
��
��
�6
WD
FN
HE
UD
QG
WLD
íQ
DV
VD
XH
QV
LVí
'6

0
í�
��
��

A%
/�

4�
�2

.1
�1

oc
ar

dio
idH
Ví
VS
�í

J6
61

4

&$
0�
��
��
��
�6
DF
FK
DU
RS
RO\
VS
RU
Dí
HU
\WK
UD
HD
í1
55
/í
��
��

$'
%�
��
��
���
.U
LEE
HOO
Dí
IOD
YLG
Dí
'6
0í
��
��
�

%$
+�
��
��
���
5K
RG
RF
RF
FX
Ví
HU
\WK
UR
SR
OLV
í3
5�

%$
*�
��
��
���
6W
UH
SWR
P\
FH
Ví
JU
LVH
XV
íV
XE
VS
�í
JU
LVH
XV
í1
%5
&í
��
��
�

C%
*�
�2
��

.1�
6t
UH
Sto

m\
cH
Ví
Vc

ab
LHL
í�
�.2

2

CA%
66

42
5.1
�6

trH
Sto

m\
cH
Ví

co
Hli

co
loU
íA
�2

%A
C�
��

1�
.1�
6t

rH
Sto

m\
cH
Ví

aY
Hr

mL
WLOL
Ví
0Aí

46
��

$&
8�
��
��
��
�$
FWL
QR
V\
QQ
HP
Dí
PL
UX
Pí
'6
0í
��
��
�

$%
.�
��
��
��
�$
UWK
UR
ED
FWH
Uí
VS
�í
)%
��

$%
0
��
��
��
��
$U
WK
UR
ED
FWH
Uí
DX
UH
VF
HQ
Ví
7&
�

AC
/4
�6

54
.1

 A
rth

ro
ba

ctH
rí

ch
lor

oS
hH
Qo

lic
uV
íA

6

A%
K�

4�
56

.1
 A

rth
ro

ba
cWH

rí
VS
�í
)%

24

AC
9�
��
��
�1
�1
DN
DP
XU
HOO
Dí

m
XOW
LSD
UWL
WD
í'
60

í4
��
��

CA
Q�
��
��
��
�&

laY
LED
FWH
Uí

m
LFK
LJD
QH
QV
LVí
VX
EV
S�
íV
HS
HG
RQ
LFX
V

&$
1�
��
��
��
�&
ODY
LED
FWH
Uí
P
LFK
LJD
QH
QV
LV

$&
0�
��
��
���
$J
URE
DF
WHU
LXP
íY
LWLV
í6
�

%$
,��
��
���
�$
]R
VS
LULO
OXP
íV
S�í
%�
��

%$
,��
��
���
�$
]R
VS
LULO
OXP
íV
S�í
%�
��

&$
;�
��
��
���
XQ
FX
OWX
UHG
íE
DF
WHU
LXP

%$
(�
��
��
���
0D
JQ
HWR
VS
LULO
OXP
íP
DJ
QH
WLF
XP
í$
0%
í1

$%
4�
��
��
���
%U
DG
\UK
L]R
ELX
Pí
VS
�í%
7$
L1

&$
/�
��
��
���
%U
DG
\UK
L]R
ELX
Pí
VS
�í2

56
í�
��

$&
)�
��
��
���
5K
RG
RS
VH
XG
RP
RQ
DV
íS
DOX
VWU
LVí
7,(
í�

CAE�
��
��
���
5K
RG
RS
VH
XG
RP
RQ
DV
íS
DOX
VWU
LVí
&*

A�
��

A%
(�
��
��
���
5K
RG
RS
VH
Xd

om
RQ
DV
íS
DOX
VWU
LVí
%LV
%�

$%
'�
��
��
���
5K
RG
RS
VH
XG

om
RQ
DV
íS
DOX
VWU
LVí
+aA

2

$%
-�
��
��
���
5K
RG
RS
VH
XG
RP
RQ
DV
íS
DOX
VWU
LVí
%LV
$�
�

13
���
��
��
���
%U
DG
\UK
L]R
ELX
Pí
MDS
RQ
LFX
Pí
86
'$
í�
��

A%
5�
�4
��
���
3V
HX
GR
PR
QD
Ví
DH
UX
JLQ
RV

aí
3A
�

AC%
��
��
���
�%
XU
NK

old
HU
LDí
Dm
ELI
DU
LDí
0C�

�í
�

A%
,��
�4
���
�%
XU
NK
ROG
HU
LDí

am
ELI
DU
LDí

A0
0D

A%
)�
��
��
���
%X
UNK
ROG
HU
LDí
FH
QR
FH
SD
FLD
íA

Uí
��
��

$%
Z�
�5

24
.1 

Cau
lob
DF
WHU
íV
S�í
.�
�

AD*
��
��

2.1
 C

au
loE
DF
WHU
íV
HJ
QLV
í$

TC
Cí

21
��
�

AC/
��
��
��1

 C
au

lob
DF
WHU
íF
UHV
FH
QWX
Ví
1$
��
��

AAK24
1�
�.1

 C
au

lob
ac

tHU
íF
UHV
FH
QWX
Ví

C%
��

%$
,��
��
���
�$
]R
VS
LULO
OXP

íV
S�í
%�
��

%$
(�
��
��
���
0D
JQ
HWR
VS
LULO
OXP

íP
DJ
QH
WLF
XP
í$
0%
í�

&$
;�
��
��
���
XQ
FX
OWX
UHG
íE
DF
WHU
LXP

%$
,��
��
���
�$
]R
VS
LULO
OXP
íV
S�í
%�
��

A%
/�
�4

15
.1
�1

oc
ar

di
oi

dH
Ví
VS
�í

J6
61

4

Q� ����

*HQH�VRXUFH$GGLWLRQDO�WUHH�DQQRWDWLRQ

&RZ�UXPHQ�JHQHV�GHILQLQJ�QRYHO�*+��FODGH
6HOHFWHG�IRU�V\QWKHVLV

%DFWHULD 0HWDJHQRPLF
$UFKDHD (XNDU\RWH

HTP characterization 



Characterize transcription factors in 
model plants 

Other significant features: 
•  Direct repeats 
•  Homopolymers 
•  Hairpins 
•  Composition of sequence ends 

Implement rules during design stage 
Higher success rate ?? 

Synthesis of about 600 TFs governing cell wall metabolism (Y1H, overexpression, KOs). 

Round 1= 300 TFs:  Success rate: 55%, Cycle time ~ 1 Year 

Apply learning strategy to all Synbio steps: Synthesis, Assembly, Expression, Phenotype (improve Design)  

Round 2= 300 TFs:  Success rate: 95%, Cycle time: 60 days 

CSP: Sam Hazen  (UM Amherst) 

Trimer repeats                               Global GC                              Local GC 

Successful synthesis Failed synthesis 



CSP: Istvan Molnar (Arizona State) 

37/40 delivered to user in ~100 days 

Characterize Orphan Fungal PKS Clusters 

Mine JGI Databases  

JGI: 
RNA seq 
Manual curation 

Curated Biosynthesis clusters 

JGI: 
Construct Design 
Expression :Promoters/Terminators, Topology 
Optimization + Assembly strategy 

JGI: 
Synthesis & Assembly 
QC 

-ve control 

8/10 strains generate 
novel compounds 

•  Looking for Biosynthetic clusters encoding Reduced PKS  
•  Biofuel replacement molecules 
•  Monomers for new materials 
•  Molecules mediate ecological interactions 



Focus Area: Secondary Metabolism 

Characterize the role of secondary metabolites in mediating microbe-microbe 
and plant-microbe interactions and their effect on biological systems 

Why study secondary metabolites ? 

•  Constitute 15-20 % of gene content in certain environments. Poorly 
characterized, and ecological role is largely unknown 

•  Thought to be important for signaling (e.g., Quorum sensing, Flavonoids-
RNB) and impact physiology (competence) 

•  Thought to be key determinants of community composition, and thus has 
large impact on biogeochemstry. 



Actinorhodin 

Actinorhodin: polyketide antibiotic produced by Streptomyces coelicolor, requiring 
22 genes for biosynthesis. Cluster ~ 25 kb, %GC >70 

Why Actinorhodin? 
 

•  Representative of many biosynthetic clusters (size, complexity, GC content) 
•  Pathway is well characterized (but never before refactored) 
•  Actinorhodin is readily detectable (blue/red pigment depending on pH) 



Actinorhodin pathway refactoring 

“Refactoring”: Redesigning a complex set of operons that are highly 
regulated under native conditions to predictably achieve a phenotypic 
outcome under laboratory conditions  

Native pathway: 

Refactored Design: 
Highly regulated expression; unknown control system 

Codon optimized genes: lower GC, 
remove repeats & secondary 
structure, preserve high translational 
potential 

Previously validated 
constitutive promoters and 
terminators 

Calculated optimal 
RBSs specific for 
each rCDS 

Goal: predictable expression 



Actinorhodin pathway construction 

•  Pathway contains 22 genes for a total of 25 kb 
•  Synthesized as randomly partitioned 1 kb blocks 
•  Pre-assembled into cloned and sequenced 5 kb blocks via Gibson assembly 
•  Final assembly of 5 kb blocks via yeast TAR cloning into Streptomyces integration vector 
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High efficiency yeast TAR cloning  
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Screened clones via PCR walking; 
Sequenced 8 positive clones 
using PacBio 
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Two preps used for 
Streptomyces coelicolor 

strain generation 



Actinorhodin strain characterization 

S. coelicolor Δact strain (control) Refactored actinorhodin strains 

Extracts for LC-MS analysis 



JGI Synthesis Science: Not Just Synthesis! 

Automated DNA 
Construction 

NGS sequencing Hosts/Strain 

High-throughput functional 
assessment 

Success/failure learning 
USER  

C
om

m
ercial space 

Gene or Pathway Design 



Summary 

•  Described rationale for DNA synthesis Science at JGI 
 
•  Described pipeline 

•  Emphasis on integrated approach, where synthesis is only a 
component of the program. Capability suite includes data mining, 
design, construction and characterization 

•  Examples of science applications and focus area 
 


